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Preface

Computer-based tools for supporting forest management. The experience and the expertise
world-wide answers a call from both the research and the professional communities for a
synthesis of current knowledge about the use of computerized tools in forest management
planning. According to the aims of the Forest Management Decision Support Systems
(FORSYS) (http://fp0804.emu.ee/) this synthesis is a critical success factor to develop a
comprehensive quality reference for forest management decision support systems.

The emphasis of the book is on identifying and assessing the support provided by
computerized tools to enhance forest management planning in real-world contexts. The
book thus identifies the management planning problems that prevail world-wide to discuss
the architecture and the components of the tools used to address them. Of importance is
the report of architecture approaches, models and methods, knowledge management and
participatory planning techniques used to address specific management planning problems.
We think that this synthesis may provide effective support to research and outreach
activities that focus on the development of forest management decision support systems. It
may contribute further to support forest managers when defining the requirements for a
tool that best meets their needs.

The first chapter of the book provides an introduction to the use of decision support systems
in the forest sector and lays out the FORSYS framework for reporting the experience and
expertise acquired in each country. Emphasis is on the FORSYS ontology to facilitate the
sharing of experiences needed to characterize and evaluate the use of computerized tools
when addressing forest management planning problems. The twenty six country reports
share a structure designed to underline a problem-centric focus. Specifically, they all start
with the identification of the management planning problems that are prevalent in the
country and they move on to the characterization and assessment of the computerized tools
used to address them.

The reports were led by researchers with background and expertise in areas that range from
ecological modeling to forest modeling, management planning and information and
communication technology development. They benefited from the input provided by forest
practitioners and by organizations that are responsible for developing and implementing
forest management plans. A conclusions chapter highlights the success of bringing together
such a wide range of disciplines and perspectives.

This book benefited from voluntary contributions by 94 authors and from the involvement of
several forest stakeholders from twenty six countries in Europe, North and South America,
Africa and Asia over a three-year period. We, the chair of FORSYS and the editorial
committee of the publication, acknowledge and thank for the valuable contributions from all
authors, editors, stakeholders and FORSYS actors involved in this project.

Ljusk-Ola Eriksson®, José G. Borgesl, Jordi Garcia-Gonzalo', Eva-Maria Nordstrom?, Teppo Hujala® and Antoni
Trasobares®

!Centre for Forest Research, School of Agriculture, University of Lisbon, 2Dept. of Forest Resource Management- SLU,
®Finnish Forest Research Institute, *Institute of Terrestrial Ecosystems, Department of Environmental Sciences, ETH Zurich
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1 Computerized decision support tools to address forest
management planning problems: history and approach for
assessing the state of art world-wide

Ljusk Ola Eriksson®, Borges J. G. 2

'Swedish University of Agricultural Sciences’ Forest Research Centre, School of Agriculture, Technical University of Lisbon

1.1 Introduction

1.1.1 Why decision support tools in forestry?

At the Association of European Operational Research Societies conference in Helsinki in
1992, Andrés Weintraub, Professor at the University of Chile, concluded that operations
research methods had already been successfully applied in forestry. Indeed, simulation and
optimization algorithms have been included in software to guide forest managers since the
1960s, and now at least 100 computerized decision support systems (DSS), with various
levels of sophistication, have been developed and are being widely used in numerous
countries. There are several reasons for the popularity and abundance of these systems.
Most importantly, forest management is highly complex. Forestry has multiple social,
ecological and economic aspects, since forests not only produce timber but also provide a
wide range of other products and services. As physical and social conditions vary enormously
around the world it is hardly surprising that diverse systems have been designed and
adapted to address forest management problems associated with varying local management
systems and socio-ecological conditions. Furthermore, forest managers’ decisions can affect
large geographical areas for a long time. Actions today determine the decision space for
decades to come, and treatments in one part of a forest may affect what is done in other
parts, now or in the future. Thus, they must be carefully implemented after considering
numerous factors simultaneously; a task that is greatly facilitated by an appropriate DSS.

In addition, forest management is becoming more complex, partly because of increasing
awareness of the need for sustainability (Hahn and Knoke 2010), hence the needs for
advanced forest DSS are also likely to increase. Sustainability was initially linked solely to
timber production, in what was often termed “sustained yield forestry”. However, in the
1960s increased attention was directed towards the multiple services supplied by forests,
hence “multiple use forestry” strategies emerged. However, the development and
implementation of the strategies were regarded as matters for experts. Consequently, use of
the DSS developed at the time required high expertise, until awareness arose of the need for
participation by local communities and other stakeholders. Since the Rio World Summit in
1992, participatory decision-making has been seen as a key element for the sustainable use
of resources, now generally termed Sustainable Forest Management (SFM). Parallel to
environmental legislation and increased public involvement in decisions concerning the use
of forest resources, the work of forest experts and the expectations towards their work have
become more complex and diverse (Tipple and Wellman 1991; Tindall et al. 2010). The
involvement of stakeholders in the process has thus profound influence on forest DSS
development and use. There can be little doubt that forest policy makers and managers will
increasingly rely on DSS to balance the diverse and increasing demands placed on forest
ecosystems — inter alia delivering renewable raw materials, sustaining biodiversity,



promoting human health, protecting drinking water resources, and providing buffers to
resist natural hazards — while at the same time addressing climate change uncertainty.

The purpose of this publication is to describe, as comprehensively as possible (given space
and time limitations), modern DSS used in forestry, and the kind of management problems
they are intended to address. To this end there are chapters from 18 European countries
and 8 countries in North America, Asia and Africa, each analyzing the problems associated
with forestry and the DSS used in attempts to tackle them. Even though the main focus of
the publication is “full” DSS, other computerized tools are also considered due to the lack of
DSS for all the prominent planning problems. A concluding chapter summarizes the relation
between management problems and available DSS, indicating areas that are well covered
and problems that warrant further attention in DSS development.

This introductory chapter will continue by describing what is meant by a DSS. The concept
could be, and has been, used to refer to almost anything that could aid decision-makers, but
here it is used more restrictively, within the framework of its use in literature associated
with forest DSS. Finally, the way that the work on the individual country reports was
conducted is presented, including the definition of the dimensions defining the forest
management problem types.

1.1.2 What is a DSS?

In a computer science context, a DSS is often defined as a model-based software system that
contains four components: (i) a language system (LS) that enables users to communicate
with and use the DSS (ii) a presentation system (PS) for displaying its outputs (iii) a
knowledge system (KS) for storing all the input information and (iv) a problem processing
system (PPS) (Burstein and Holsapple 2008). Users of the system can be decision-makers,
developers or anyone that adds to or taps the knowledge system (or data models). The
relationship between them is illustrated in Figure 1.
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Figure 1. Schematic diagram of the main components of a DSS.

Three of the main components (the LS, PS and KS) are representative systems: the
“communicative” system (LS) consists of all messages to the DSS from the user; the
presentation system (PS) consists of all messages from the DSS to the user; and the
knowledge system (KS) consists of all knowledge that is collected in the form of data or
models held in the DSS. The knowledge system is sub-divided into three components here:
one that holds data (e.g. data on the forest concerned); one that holds models (e.g. models
for predicting growth and yield); and one that holds methods (e.g. for calculating key
statistics or a solver for optimizing a problem). The integrative part of the DSS is the problem
processing system (PPS). The task of the PPS is, simply, to solve the problems the user has
specified. In doing so the PPS must receive information coming from the LS, integrate the
data, models and methods, and communicate the result to the PS.

1.2 Reviews of methods and tools

Abundant literature describes components of the KS, and these are of course the subjects of
specialized publications devoted to data, models and methods, respectively (some of which
specifically consider forest DSS). Notably, the (rapidly evolving) remote sensing field, with
special relevance for obtaining detailed forest data, has been presented by Packalén et al.
(2008), while methods for assessing landscape attributes have been reviewed by Katsch
(2008). Various categorizations and descriptions of forest growth and yield models have
been presented. Gratzer et al. (2004) focus on models describing the spatio-temporal
development of forests, whereas Peng and Wen (2006) and Pretzsch et al. (2008) employ a
more general classification scheme. Pretzsch et al. (2008) also provide a few examples of
computer applications. Fontes et al. (2010) discuss empirical, process-based and hybrid
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growth and yield models and assess 25 computer programs with process-based models in
use in Europe. Some of the software presented by Pretzsch et al. (2008) and Fontes et al.
(2010) qualify as DSS in the sense of the term used here, although the focus is on software
that integrate various kinds of knowledge components.

Classical (exact) optimization methods (linear programming, dynamic programming etc.)
with reference to their use in DSS have been reviewed by Garcia (1990). Heuristic
(probability-based) methods came to the fore in the 1990s, particularly as attempts to
address spatial problems became prevalent. Sessions et al. (2007) provide a short
introduction of heuristic methods related to different planning problems. Bettinger and Kim
(2008) review heuristic approaches for spatial (endogenous) optimization. Baskent and Keles
(2005) and Hof and Haight (2007) review applications of both exact and heuristic methods
for optimizing spatial problems. Another class of methods is represented by those that
handle multiple criteria. Mendoza and Martins (2006), Diaz-Balteiro and Romero (2007),
Diaz-Balteiro and Romero (2008), and Ananda and Herath (2009) review methods for
multiple criteria decision analysis (MCDA) and studies involving such methods. Martins and
Borges (2007) review methods that address collaborative planning and they discuss tools for
integrating participatory planning.

Several reviews of forest DSS were presented in the 2000s. For example, seven were
presented in Issue 1 (Volume 49) of Computers and Electronics in Agriculture (2005), and
four were reviewed by Reynolds and Schmoldt (2006). The most comprehensive analysis of
forest DSS to date has been provided by Johnson et al. (2007), who characterized 32 systems
according to the decision-making factors they consider (biodiversity indicators supported,
forest disturbances, silviculture etc.) and includes 15 in-depth studies of successes and
failures of DSS applications. Johnson et al. (2007) also cite reviews of DSS capabilities to
assist with National Forest plans (Schuster et al. 1993), ecosystem management (Mowrer
1997, Rauscher 1999), biodiversity in county-level planning (Johnson and Lachman 2001).
Reynolds et al. (2008) review 10 systems.

Several general conclusions can be drawn from the literature of forest DSS development and
use. Firstly, they are likely to become increasingly important as they can furnish tailored
forest management solutions; standardized silviculture is not desirable as it reduces diversity
and cannot be adapted to meet changing needs as policies evolve (Gadow et al. 2008).
Adaptive management of multi-purpose forestry not only requires sophisticated systems for
large-scale analyses but also capabilities for iterative on-demand, on-site and ad hoc
analyses together with stakeholders. Secondly, social aspects are increasing in importance
(Johnson, Gordon et al. 2007; Reynolds et al. 2008), encouraging the application of MCDA,
group decision-making, participation and more internet-based applications (Reynolds and
Schmoldt 2006). Thirdly, it is anticipated that there will be increasing needs for sophisticated
DSS capable of meeting demands for systematic and transparent analysis associated with
increases in both social complexity (increases in numbers of players, and both the intricacy
and contentiousness of their relationships) and informational complexity (the degree to
which available data and relationships must be structured and organized) (Johnson et al.
2007). Fourthly, as a response to these needs there also appears to be a trend towards more
comprehensive, general-purpose systems supplanting more single-purpose systems
(Rauscher et al. 2005; Reynolds et al. 2008). Fifthly, as a consequence of the increased scope



of the systems it is suggested that it might be more appropriate for them to host modular
programs capable of running either separately or interactively, rather than a single, massive
integrated application (Reynolds and Schmoldt 2006). This line of development points out
the significance of model and algorithm libraries and transferable metadata, which raises the
future requirements of knowledge management within forestry DSS to a new,
“intercontextual” and “intersystemic” level. Sixthly, despite the increasing complexity of the
systems, they must be adapted to the needs and competences of their target users and be
transparent in order to avoid the “Black box” syndrome (Johnson et al. 2007; Reynolds et al.
2008). Hence, adaptive design cycles, in which systems are used, tested and adjusted in
successive iterations (Rauscher et al. 2005), may be valuable.

1.3 Forest problem dimensions

As outlined above, substantial experience has been gained in the development and use of
forest DSS, and various facets of currently available systems have been widely reviewed.
However, some aspects that have not been thoroughly addressed previously are considered
in more detail here. Most importantly, as also mentioned above, the forest DSS are not so
much in focus as the capacities of DSS in relation to the problems they are intended to
resolve. The country reports begin with descriptions of forest management problems and
then link existing DSS to the problems, thereby indicating applications for which forest DSS
appear to be useful, gaps in DSS capabilities, and potential areas of know-how transfers.
Hopefully, this approach should facilitate better understanding of the properties of DSS,
their strengths and their shortcomings. Further, the scope of forest DSS that are covered in
the literature cited above is rather limited or biased. Apart from the analysis by Johnson et
al. (2007), only 19 unique systems have been considered, and even Johnson et al. (2007)
only consider systems applied in North America. Taking that into account and considering
that the website of the FORSYS project alone hosts about 60 systems
(http://fp0804.emu.ee/wiki/index.php/Main Page), mostly of European origin, extensive
fields of DSS application remain to be described and analyzed.

Due to the diverse backgrounds of the participants of this project it was imperative to
establish a common nomenclature for characterizing the problem dimensions. After a
lengthy process the definitions in Table 1 were laid down (here slightly edited). There are of
course innumerable ways of characterizing a planning problem. The general principles
applied here were that the dimensions should be: (i) comprehensive, i.e. cover all planning
situations of interest (ii) comprehensible, i.e. fairly easy to identify, using terms that are
reasonably well established in the literature for describing planning situations (iii) able to
relate to some characterization of DSS and (iv) easy to compare among regions and forest
owner categories. The last two of these principles warrant further comment. Regarding
principle (iii), an assessment of the extent to which a certain dimension actually could
meaningfully be related to existing DSS was made. The literature in the area also gave
guidance. An implication of principle (iv) was that the dimensions considered would be
rather abstract and not content-specific (e.g. not defined in terms of the managed species or
in terms of a specific objective like avoiding wind-throw and avalanches or promoting
aesthetic values). A further motivation for applying this level of abstraction is also the
potential flexibility of DSS, e.g. from the perspective of a particular DSS the ability to deal
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with neighbourhood relationships may be the critical issue, whereas it masters the analysis
of risks of fire, wind-throw and avalanche just as well.

Temporal scale: The division of the planning process into a hierarchy consisting of what are
often called strategic, tactical and operational planning levels is well established in most
forestry communities. However, the term “strategic” (in particular) may have other
connotations than those intended here (Cea and Jofre 2000; Hoogstra and Schanz 2008).
Therefore, the more neutral time terms long, medium, and short are used. The use of time
scales, rather than the strategic, tactical and operational trio could also facilitate the
classification of planning problems for smaller private forest owners since the trio has
developed in corporate settings. To the extent that the terms strategic, tactical and
operational are used in the book, they have the same meaning as long-term, medium- and
short-term planning. Still, you will find the terms strategic, tactical and operational in the
definitions applied here agree well with those provided by, for instance, Gunn (2007),
Church (2007) and Epstein (2007), respectively.

Spatial context: As is evident from the studies cited above, spatial aspects are frequently
addressed in forest planning. Spatial phenomena can be characterized in diverse ways
regarding the distribution of the objects concerned, their shape, connectivity, and their
geometry (e.g. line or polygon). The decision here was to have as few categories as possible
(three). One indicates that location is unimportant. A typical problem of this type is the
standard harvest scheduling problem (see e.g. Ware and Clutter (1971) for an early
example). The other two categories indicate spatial significance: one indicating that
neighbouring stands are in some way affected by actions in another stand, and the other
indicating no such connection, i.e. when considering actions in a given stand there is no need
to know what is done in neighbouring stands. Examples of the former type of problem relate
for instance to wind-throw problems, where actions in one stand affect the risk of wind-
throw in neighbouring stands (Meilby et al. 2001; Forsell et al. 2011). An example of the
latter type of problem is the typical zoning problem, where constraints are set for stand
treatments within zones or for the zones per se but where actions in one stand do not affect
the behaviour of other stands (Nalli et al. 1996; Nordstrom et al. 2011) .

It should be noted that these distinctions are different from those applied in the Spatial
Decision Support Knowledge Portal (SDS; www.spatial.redlands.edu/sds/), where the
categories None, Neighbourhood and Global are used. Global refers to general landscape
structures, e.g., numbers of patches, patch size distributions or ecological networks, whereas
Neighbourhood is characterized by local interaction. This means that our category Spatial
with no neighborhood interrelations falls under None according to SDS. Furthermore, it is a
matter of interpretation whether our category Spatial with neighbourhood interrelations
covers either the Global and Neighbourhood SDS categories, or only Neighbourhood. There
is a certain degree of vagueness in our term neighbourhood that one should be aware of
when considering the results.

Spatial scale: The implicit focus of the entire project is on forest management and support
tools that help decision-makers in that endeavour. The scope of the FORSYS COST Action has
been formulated as dealing with any “..forest management planning problem /that/
involves the definition of the timing and location of forest management options in a unit of

8


http://www.spatial.redlands.edu/sds/

forest land over a planning horizon, in order to approximate or optimize management
objectives...”. From that perspective, the forest level is of primary interest. However, for
some forest owners, the forest decomposes into a few stands, or problems are approached
on a stand-by-stand basis. In some countries, due to the ownership structure, the stand level
may be very important compared to forest-level planning. In order to describe this kind of
management problem the stand level must also be represented. More problematic is the
regional/national level. The objective of this publication is not to cover problems and
systems pertaining to the sphere of forest policy. However, in some countries forest policy is
virtually synonymous with forest management. We would thus ignore some interesting
cases if this level was excluded.

Decision-making dimension: As described above, SFM refers to forestry undertaken with
considerations of its effects on different stakeholders and future generations. Thus, there
are generally numerous participants, but their level of participation may vary substantially,
and SFM can be exercised even if there is essentially only one active decision-maker,
provided his/her decisions are governed by appropriate certification schemes, laws and
regulations. It is not unanimously defined when a single-decision-maker planning problem
actually becomes a multiple-decision-makers problem:; is it sufficient to acquire information
from stakeholders or does it require collegial group decision-making? In this book, two
categories of decision-making were applied: One or more decision-makers (for all classes of
multiple-stakeholder forestry, including SFM) and Single-owner (for cases where a single
owner makes decisions largely autonomously, although it should be noted that the decisions
of even single owners may be heavily constrained by regulations). Indeed, an interesting
aspect of the association between problems and DSS is, of course, to what extent the DSS
are adapted to multi-stakeholder situations.

Objectives dimension: The most common objective cited in the forest economics literature is
to maximize the net present value of the forest, as generally operationalized by the
Faustmann formula. For some owners of small forest holdings this could be a valid, single
objective. However, for larger forest holdings, or holdings in more complex social settings,
different kinds of values must be balanced. In this book, such situations are classified as
multi-objective problems. One could also note that multiple objectives could also refer to
different aspects of one item, such as the financial value and harvest profile over time of
timber production (Hallefjord et al. 1986). In the DSS this might technically be handled as a
single objective problem, for instance by expressing all goods and services in one
commensurate kind.

Goods and services dimension: The goods and services, market and non-market categories
are of interest from several viewpoints; notably they indicate the kind of forestry being
pursued, its purposes, and the consequent requirements for any DSS used. If the primary
target is to secure fresh water a different DSS will probably be required (or different
modules of the same DSS) than if the main goal is to optimize timber production in
plantation forestry. The Goods and services dimension may or may not have implications for
the Objectives dimension as discussed above.

One aspect that is not found in Table 1 is that of risk and uncertainty. It was excluded as a
problem-defining dimension because, basically, no problems in forestry are completely free



of uncertainty. Thus, attempting to categorize uncertainty would involve rather subjective
assessments of the degrees of uncertainty regarding future developments in pertinent
variables.

Table 1. Definition of problem dimensions

Temporal scale
e Long-term (strategic) management planning. Planning horizon extending over more than 10

years.

e Medium-term (tactical) management planning. Planning horizon extending from two to 10
years.

e Short-term (operational) management planning. Planning horizon extending over one year
or less, typically including planning periods of one month or less.

Spatial context
° Spatial with neighbourhood interrelations. The interactions of decisions made for

neighbouring stands (or other areal units) are of importance, i.e. a decision made for one
stand may i) constrain decisions for neighbouring stands or ii) influence the outcome of
decisions made for neighbouring stands.

. Spatial with no neighbourhood interrelations. Locations of forest operations are of
importance, but it is assumed that a decision made for one stand does not constrain decisions
for neighbouring stands or influence the outcome of decisions made for neighbouring stands.

¢ Non-spatial. Stands may be aggregated into strata or analysis units without considering their
mutual locations. There is no concern with locational specificity or neighbourhood
interrelations.

Spatial scale
. Stand level. Focused on units with homogeneous ecological, physiographic and

development features.

. Forest level. Focused on forest landscapes with several stands managed for (a)
common purpose(s).

. Regional/national level. Focused on sets of landscapes that may all be managed for
different objectives.

Decision-making dimension
° A single decision-maker makes the decision on his/her own, e.g. the forest owner.

e One or more decision-makers have the power to decide. In addition, there can be other
parties (stakeholders) with no formal decision-making power that are influenced or may
influence the decision.

Objectives dimension
. Single. The management planning problem addresses one and only one objective.

e Multiple. The management planning problem addresses two or more objectives, any pairs of
which could be conflicting, complementary or neutral with respect to each other.
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Goods and services dimension

. Market wood products. The management planning problem addresses the supply
of wood products that are traded in the market (roundwood, pulpwood, biomass...)

. Market non-wood products. The management planning problem addresses the
supply of non-wood products that are traded in the market (fruits, cork...)

. Market services. The management planning problem addresses the supply of
services that may be traded in the market (recreation, hunting, fishing...)

e Non-market services. The management planning problem addresses the supply of services
that are typically not traded in the market (public goods, aesthetic values, water,
biodiversity...)

1.4 Data for the country report chapters

The sources for the country reports vary considerably between countries (Table 2). Almost
all country reports are based on consultations with developers and users (China, Germany,
Russia, and USA are exceptions). To some extent this reflects the size of the country; to
cover, for instance, China or USA requires methods other than for Switzerland. However, this
does not necessarily mean that such contacts have not been made, only that they have not
been explicitly stated in the report. In almost all cases authors refer to their own experience
(and for the exceptions — Greece, Ireland, Italy, Morocco, the Netherlands and South Africa —
this does not exclude such experience, only that it is not explicitly stated). In a few cases,
special questionnaires have been prepared for the reports, notably in Brazil, Germany, and
Portugal. Additionally, a few countries (Austria, Russia and South Africa) have referred to
guestionnaires without stating their exact numbers. It could be noted that sometimes it is
difficult to draw a clear line between consultations and questionnaires (Denmark is such an
example). All reports contain references to various documents. The account in Table 2 is not
necessarily complete; where not already stated, one could for most countries add “other
written material”.

Table 2. Data sources used for the country report chapters.

Consultation Consulta-
with tion with Questio-
Country developers 2 users " nnaire Documents
Austria x (a) x (a) X (various x (wiki, reports, journals)
organizatio
ns)
Brazil x (a) x (a) x (22) x (technical and scientific references)
Canada x (a) x (a) X (internet sources, reports, journals)
Chile x (a) x (a) x (articles, websites)
China x (laws and regulations, reports)
Denmark X x (Danish and international journals)
(interviews)
Estonia x (a) x (a) x (laws, regulations, technical documents)
Finland x (a) x (a) x (scientific papers, plan documents, wiki)
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Consultation Consulta-

with tion with Questio-

Country developers® users®® nnaire Documents”

Germany X (36) X (scientific papers, reports)

Great Britain x (a) x (a) x (scientific papers, reports)

Greece X X (scientific papers, reports, proceedings)

Hungary x (a) x (a) x (legal cases, other written material)

Ireland X X X (scientific papers, reports, conference
proceedings)

Italy X X X (articles, reports, dissertations)

Morocco X X (user guides, test cases, other written
material)

Netherlands x (5) X (reports, articles, plans)

Norway x (a) x (a) X (scientific papers, internet)

Portugal x (a) x (a) X (24) X (peer and non-peer reviewed publications)

Russia x (various x (scientific and technical publications,

organizatio internet, laws and regulations)
ns)

Slovenia x (a) x (a) X (articles, reports)

South Africa X X (to users)  x (STSM, other written material)

Spain x (a) x (a) X (text books, forest plans, manuals, web
pages, other written material)

Sweden x (a) x (a) x (scientific papers, reports)

Switzerland x (a) x (a) x (articles, proceedings, reports)

Turkey x (a) x (a) X (articles, reports)

USA X (literature, internet, past surveys)

2 = consultation is stated; (a) = includes also authors as developers or users.

® Number in brackets designates number of contact, if given.

c)Speciﬁcally prepared for this book, otherwise referred to Documents. Number in brackets designates number
of responses, if given.

9 \wiki refers to the FORSYS wiki on forest DSS (http://fp0804.emu.ee/wiki/index.php/Main_Page); STSM refers
to short term scientific missions conducted within FORSYS.

It is to be expected that the quality of the database for the reports varies between countries.
Some countries have used peer reviewed journals for decades to document experiences
whereas others, for different reasons, have had limited access to international publication.
Some of the material consists of reports that, if it was not for the insights of the authors,
would otherwise be difficult to access. The very broad as well as deep exposition of
problems and tools presented here relies ultimately on the unique group of experts that is
gathered around this publication.
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1.5 The publication process

The work was initiated in early 2010. A publication with country reports was identified as a
powerful tool for transferring know-how between the countries involved in the FORSYS
COST Action. Material on the appropriate format was circulated, and during the steering
group meeting in April 2010 it was decided to issue country report templates, together with
explanations and instructions. At the same meeting a special task committee (STC) consisting
of Antoni Trasobares (Spain), Jordi Garcia-Gonzalo (Portugal), Teppo Hujala (Finland) and
Eva-Maria Nordstrom (Sweden), was established with Jose Borges (Portugal) as Coordinator.
One of the first actions of the STC was to disseminate a form to guide presentations of
preliminary country reports at the next meeting in November in Brussels 2010. During that
meeting about 20 short presentations on problems and DSS were delivered and final
revisions were made to the templates and instructions. From that point on, the work
followed the set procedures. The STC was heavily involved in the work from the beginning.
The members distributed responsibility for maintaining close contact with representatives of
the participating countries among themselves to ensure there were well-defined channels of
communication with the authors of each report. The STC reviewed the country reports and
compiled feedback for authors twice, during two-day meetings in spring and autumn 2011.
Most country reports underwent several rounds of revision to ensure that they all followed
the same format.

This volume rests on the contribution of more than 100 authors and the dedicated work of
the STC. It is without doubt the most comprehensive account of forest planning problems
and forest DSS ever published.
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2 Design and use of computer-based tools supporting forest
planning and decision making in Austria

Harald Vacik®, Manfred J. Lexerz, Johannes Scholz3, Bernhard Wolfslehner?, Anna Maria
Kéck?, Michael Granitzer®

2.1 Introduction

2.1.1 Socio-economic and ecological environment

Austria is a predominantly alpine Central European country with an area size of 83,871 km?
and a forest cover of 47.6%. According to the Austrian Forest Inventory 2007/ 2009 the
forest cover has a total area of 3.92 million ha (BMLFUW 2010). Austria is situated in the
Central European climatic zone (moderate, humid), however, the eastern part and the
eastern foothills of the Alps are more continental Pannonian climate (hot, dry). The main
tree species is Norway Spruce (Picea abies L. K.) with a total share of 61.2% (growing stock in
productive forests). According to the Austrian Forest Inventory, the share of broadleaved
trees has increased in recent years, within these beech and hardwoods such as maple, ash or
hornbeam play a major role. The forest ownership is 53% small private forests (<200 ha),
32% private estates (>200 ha) and 15% federal forests. At present, Austria's forest resource
is underutilized because of economic, social and technical reasons. The current annual
harvest is around 18-20 million m3, while the total increment is estimated at 31 million m3
per year. The mean stand volume is around 300 m3/ha in commercial forests whereas the
mean annual increment is 9 m3/ha. The forestry sector’s contribution to gross domestic
product growth was about 2.1% in 2003 according to the most recent calculations (€ 4.8
billions). Therefore, 0.4% was accounted for by forest management, 0.9% by wood
processing and 0.8% by paper and cardboard production and processing. Some two-thirds of
all Austrian citizens live in rural regions, and forests as a major renewable resource play an
important role in this context. From a nature conservation point of view slightly more than
one million hectares of forest are identified as protected forests in accordance with nature
conservation law and in natural forest reserves.

The Austrian Forest Act (amended BGBI.I Nr. 55/2007) attributes five functions to forests:
(1) productive function (i.e., sustainable timber production)
(2) protective function (i.e., protection against erosion and natural hazards
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(3) welfare function (i.e., the protection of environmental goods like drinking water)

(4) recreational function (use for recreation) and

(5) habitat function (protection of forests as a habitat for living organisms.
The overall principles of the Act are: i) the preservation of forest area ii) the preservation of
the productivity of forest sites and their functions and (iii) the preservation of yields for
future generations (sustainability). Accordingly, forest sites must not be destroyed, degraded
or damaged and any clearings have to be reforested. The forest may not be used for any
other purpose than for forest culture. More importantly, protected forests have to be
treated without impairment of the protective functions. If the preservation of a protective
function or water procurement is demanded, forests are formally banned by the authority.
For such a ban, forest management prescriptions have to be prescribed and forest owners
have a right to apply for subsidies for implementing forest measures and to ask for
compensation from the beneficiaries of the forest. Timber production is described as the
main use of Austrian forests. At the same time, this use is under the constraint of sustainable
management. For this purpose, immature stands (as a rule no younger than 60 years) must
not be felled. Stricter forest management regulations are in force on a provincial level in the
mountainous parts of Austria. For instance, clear cuts exceeding 0.5 ha have to be approved
by the authority with special supervision for felling in protected forests. As regards social
aspects, everybody has the right of access to any forest for recreational purposes during
daytime, no matter if it is private or public property.

2.1.2 Forest management problems

In the following, an overview is given on prevalent problem types in Austrian forest
management, and how these relate to the key problem types of FORSYS. Furthermore,
information is provided on who is involved in the respective planning processes as well as on
the relevance of computer-based decision support tools.

2.1.3 Selecting options for forest conversion

Since the 19™ century, extensive areas of natural broadleaved and mixed forests in warm
and partly dry lowlands have been transformed into conifer plantations either dominated by
Norway spruce (Picea abies (L.) Karst.) due to its superior productivity and wood quality or to
pine forests (Pinus sylvestris (L.)). Substantial areas of these secondary coniferous forests are
close to their ecophysiological limits and are particularly vulnerable. In warmer and
eventually drier future climates, an increased frequency of drought periods and generally an
increasing inter-annual variability in climate biotic and abiotic risks for these forests is
expected (Lindner et al. 2010). Furthermore, multiple rotations of Norway spruce may lead
to soil compaction and increased soil acidification, which in turn may affect nutrient cycling
depending on site conditions. To improve crop reliability and to reduce economical and
ecological risks, the conversion of pure Norway spruce and pine stands into mixed-species
stands, which are better adapted to the specific site conditions, is often recommended
(Spiecker et al. 2004). In debating the likely impacts of global climate change and possible
adaptation strategies, much emphasis has been placed on secondary conifer forests. The
development of sound stand conversion programmes is currently one of the key issues in
silvicultural research and forest management planning. Risk rating current stands, support in
selecting appropriate species mixtures as well as the treatment of current stands are major
issues calling for science-based knowledge and decision support.
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This problem type can be characterized with the following dimensions: strategic (choice of
tree species) and tactical, spatial with no neighbourhood interrelations, stand level, single
decision-maker, multiple, market wood products, non-market services.

2.1.4 Managing mountain forests

In mountain forests, various ecosystem services have to be met such as producing timber,
protecting infrastructure and settlements from natural hazards like avalanches, mud flow
and torrents, preventing fragile mountain sites from soil erosion, and providing sustained
yield of high quality water resources. Silvicultural treatment plans for such multi-purpose
mountain forests need to be tailored to stand and site conditions, and prioritized
management objectives. In this context, close-to-nature forestry with single stem and group
selection systems attempt to balance these often conflicting objectives. However, standard
approaches applying silvicultural and forest engineering measures independently are not
sufficient. Particularly challenging is the treatment of mature stands scheduled for
regeneration. Decision-making about harvesting and natural regeneration of mountain
forests with cable yarding systems requires therefore the consideration of several key issues:
(@) meeting minimum economic constraints of harvesting operations (b) considering mid- to
long-term effects of damages to the residual stand and to advance regeneration (c)
providing suitable conditions for establishment of natural regeneration (d) controlling the
mechanical stability of the stand (e) utilizing the growth potential of the stand. Additionally,
results from the Austrian Forest Inventory and of recent game damage monitoring have
revealed severe impacts of game on forest regeneration (BMLFUW 2010). More than two-
thirds of all Austrian forests are browsed beyond the capacities of natural regeneration.

This problem type can be characterized with the following dimensions: tactical, spatial with
neighbourhood interrelations, stand level, more than one decision-maker, multiple, market
wood products, non-market services.

2.1.5 Utilization of timber resources

Timber production is the main use of Austrian forests. The current harvest is around 18-20
million m3, while the total increment is estimated at 31 million m® per year. At present,
Austria’s forest resource is underutilized because of economic, social and technical reasons.
As 53% of the forest ownership is small private forests (<200 ha) mostly comprising a low
level of technical equipment and silvicultural know-how, the possibilities for wood
mobilization are limited. Therefore, substantial efforts are made to identify strategies for
increased utilization of timber. On the other hand, logistics related to timber harvesting,
logging and transport have been improved in the last decades, e.g. with innovations in real-
time spatial localization (using mobile phones, GPS, web technologies) and optimization
procedures. In addition, the analysis and design of wood-based value chains has raised
increased scrutiny, i.e. the sequence from forestry production, to harvest and transport, and
industrial processing and trade. This issue comprises the sustainability impact assessment of
forest wood chains (Wolfslehner et al. 2011), flexible supply chains and logistics (Bajric et al.
2010), and smart use of small-diameter hardwood in Austria (Huber at al. 2010). From time
to time, storm, snow and other weather-related disasters with their subsequent mass
propagation of forest pests cause quite significant, but usually regionally limited, economic
damage and a huge amount of salvaged timber. In recent years, storm and bark beetle
damage has been particularly severe. The year 2003 saw one of the highest levels of wood
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loss due to bark beetle in Austria since records started more than 50 years ago. In this
context, huge amounts of timber needed to be processed from the forest to sawmills risking
reduced timber quality and imbalances on the timber market.

This problem type can be characterized with the following dimensions: short to mid-term,
spatial, regional/national level, more than one decision-maker, multiple, market wood
products.

2.1.6 Objectives

This report aims to provide an overview of the design and use of computer-based tools
supporting forest planning and decision making in Austria. In detail we are focusing on:
(1) An inventory of decision support tools in forest management planning, with a focus
on the key problem types listed
(2) a description of the key features regarding architecture, development, use of models,
methods and knowledge management techniques
(3) lessons learned on the use of computer-based decision support tools so far

2.2 Materials and methods

Information on the use of forest Decision Support Systems (DSS), models and methods used
in forest DSS, knowledge management (KM) techniques applied and participatory
approaches utilized is mostly related to universities and research institutions in Austria. In
addition, computer-based decision support tools have been identified by a survey among
ministries, local forest authorities and forest owner associations. With a set of structured
and open questions it was possible to identify the use of existing computer-based decision
support tools within the organizations contacted, relevant contact persons and the way in
which these tools are used in forest management planning problems. Some of the material
presented here has been already introduced to the FORSYS  Wiki
(http://fp0804.emu.ee/wiki/index.php/Main Page). The following institutions can be named
as relevant for developing and applying computer-based tools in forest management in
Austria.

At the Institute of Silviculture, Department of Forest and Soil Sciences at the University of
Natural Resources and Life Sciences, strong emphasis is set on the development and
application of DSS in natural resource management. The Know-Center is a nationally funded
application-oriented research centre primarily concerned with knowledge management and
knowledge technologies. As a knowledge technology provider, a number of techniques and
tools developed at the Know-Center can suit forestry decision support systems, but have not
been applied to this domain yet. The Knowledge Management Institute at Graz University of
Technology is concerned with the technical aspects of knowledge management and with
web-based mechanisms for knowledge sharing and transfer. The Research and Training
Centre for Forests, Natural Hazards and Landscape (BFW) is a multidisciplinary research and
training institution of the Federal Government of Austria. Applications developed at BFW
support knowledge transfer and provide practical advice to forest owners.
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2.3 Results

2.3.1 DSS related to forest conversion

ClimChalp: A web-based DSS tool for silvicultural planning and decision-making in low-
elevation secondary Norway spruce forests was developed to help forestry extension staff to
explore adaptation options for silviculture in secondary Norway spruce forests in Austria
(Vacik et al. 2010). ClimChalp has a strong focus on the question of suitable stand treatment
programmes for currently existing Norway spruce stands at low elevation sites naturally
supporting mixed broadleaved forest types given a particular set of management objectives
(represented by a set of indicators focusing on timber production, ecophysiological tree
suitability, timber yield, harvesting and silvicultural costs, carbon sequestration, biodiversity
and groundwater recharge). The tool has three main components: the information base, the
DSS generator and a graphical user interface (GUI) which is particularly designed to support
the consultation process of the forestry extension services for small-scale private
landowners by reducing the necessary user input to a minimum. Stand treatment
programmes over 100 years for initial stand types had been
designed and were simulated with the forest ecosystem
model PICUS under current climate and four transient
regionalized climate change scenarios.

. === == “--) e The hybrid approach of PICUS v1.42, henceforward

- PN - referred to as PICUS, aims to bring together the abilities of
e a 3D gap model (Lexer and Honninger 2001) in simulating

= structural diverse forest stands on an individual basis with
process-based estimates of stand level primary

Figure 1. Climchalp - productivity. In general, PICUS offers a detailed projection
supporting the management of of stand dynamics under the simulated management and
Norway Spruce Forests climate conditions, including individual-tree information on

diameter and height. This core concept forms the nucleus of a modular simulation
framework integrating a process-based soil module, a management module (Seidl et al.
2005) as well as a thermo-energetic process module of Norway spruce bark beetle
infestation (Seidl et al. 2007). PICUS is sensitive to changes in temperature, precipitation,
radiation and vapour pressure deficit. Previous analyses found a realistic response to the
climatic gradients in the complex terrain of the European Alps, both in terms of species
dynamics (Lexer and Honninger 2001; Didion et al. 2009) and productivity (Seidl et al. 2005).

The user of ClimChalp is supported in comparing decision alternatives by means of multi-
criteria analysis and a combined approach of visualized and verbal qualitative ratings.
ClimChalp was designed to support the members of the forestry extension staff in Lower
Austria. Currently the applicability and use of the tool is explored by a small number of
experts within the local authority in order to give feedback for further development and a
broader use within the organisation.

DSD: The decision support system DSD v1.1 (Decision Support Dobrova) was developed for
the analysis and selection of silvicultural treatment alternatives for Scots pine (Pinus
sylvestris L.) and Norway spruce (Picea abies (L.) karst.) stands in southern Austria (Lexer et
al. 2005). The tool is particularly designed to support the forest resource management
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consultation process with forest landowners in the course of
the management of secondary coniferous forests. In close
cooperation with the local forest authorities, a generic model
of the consultation process had been developed (Vacik et al.
2004a). DSD v1.1 supports a planning process which covers the
phases of decision-making: (i) identification of current states
regarding site and stand conditions (ii) identification of owners’
expectations and preferences regarding a set of objectives (iii)
selection and evaluation of management alternatives. The

Figure 2. DSD supporting
management of pine

forests in Carinthia

stand treatment programmes for representative stand types
were designed to support a variety of future target species
mixtures. The growth and yield simulator MOSES (Hasenauer
2000) was used to simulate these stand treatment
programmes over a period of 30 years; the model output was combined with expert
knowledge and economic parameters and used to inform the indicator system. MOSES is a
distance-dependent tree model which is well suited to studying the effects of various
silvicultural treatments over short- to mid-term planning periods (Hasenauer 2000). DSD was
designed to support the members of the local forest authority in Carinthia. After exploring
the applicability of the tool, it was introduced in the local forest administration to be used by
a small number of forest management planners from 2003 onwards. Currently a revision of
the tool is planned in order to adapt the decision space to the demands raised by the users
during recent years.

Wolschart: Wolschart was designed in response to a heavy snow breakage disturbance
which affected almost 100% of the Wolschart property. There were two main objectives: (1)
assigning each stand to a treatment category (immediately clear cut and replant, salvage and
continue with business as usual management, salvage and underplant with broadleaves),
and (2) proposing suitable species mixtures. Based on an intensive literature review, a rule
base was constructed to evaluate each stand based on a stand inventory. To assess species
suitability, a static model was developed based on the concept of the fundamental niche
(Steiner and Lexer 1998) which linked key site factors to species requirements as derived
from the literature. A multi-criteria decision-making methodology was employed to evaluate
a set of silvicultural alternatives for the management of the damaged Norway spruce stands
with regard to the objectives of the private forest owner (Lexer 2000). The forest growth
model MOSES was employed to project stand growth according to the assumptions of a
decision alternative. The combined use of these tools to support decision-making is
described in Lexer et al. (2000). Wolschart was designed for research purposes only to
support the forest owner in exploring the silvicultural treatment options.

2.3.2 DSS related to the management of mountain forests

CONES: The CONES project (‘COmputergestiitzte PlaNung von Nutzung Eingriffen im
Seilgelande') aimed at the development and application of a spatial decision support system
(SDSS) based on ArcGIS to assist the forester on site in combining silvicultural and harvest
operations in a concurrent engineering approach (Vacik et al. 2004b). The process of
decision-making about harvesting and natural regeneration of forest stands in steep terrain
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with a cable yarding system considers three sub-processes to optimize the overall utility of a
forest operatlon (i) What is the best silvicultural strategy? (e.g., type and intensity of entry)
(ii) Which is the best suitable timber harvesting system?
(iii) What is the optimal location of the skyline trails?
CONES supports the decision-making process by utilizing a
forest model (PROGNAUS), damage models for residual
stands and advance regeneration and multi-criteria
analysis techniques in evaluating different options (Vacik et
al. 2006a). The stand treatment programmes are designed
and are simulated with the forest ecosystem model
PROGNAUS. The distance-independent individual-tree
Figure 3. CONES —supporting  growth model PROGNAUS supplies tree species specific,
regeneration planning at the direct estimates of diameter and height increment,
OBF AG mortality, competition, stand density. In addition, the

simulator contains various auxiliary models for the
prognosis of stem damage, log size and log quality assortments (Ledermann 2004). CONES
was developed for the Austrian Federal Forests Organisation (OBF AG) to support a
concurrent engineering between silvicultural and forest harvesting operations. After a long
period of testing the forest managers evaluated the SDSS as too complex to be used in daily
management, this did not allow any further improvement.

bias wa . few
CHNES e [ —

Wildalpen / KATER : A prototype spatial decision support
system (SDSS) for regeneration planning in the protected
forests of Vienna was developed for selecting the best
silvicultural treatment option for stands scheduled for
natural regeneration (Vacik and Lexer 2001). The decision
problem is factored into decisions on the time to begin the
regeneration process, the choice of the future species
composition and the selection of the regeneration method.
A geographical information system and a database
Figure 4. Wildalpen Prototype = management system were used for the implementation of
— Protected Forests, Vienna the core components of the SDSS. A decision model

allowed the determination of stands scheduled for natural
regeneration by using a model for the potential crown defoliation of Norway spruce and
stand information data. A model for assessment of site suitability of tree species determines
site specific species mixtures. The identification of management objectives at the stand level
for evaluation of management practices which best meet these forest-level goals was
achieved by MapModels (Riedl et al. 2000). An additive multiple-attribute utility model was
used to find the best combination of growing stock objectives and regeneration methods
which simultaneously maximizes the expected utility and satisfies all constraints of the forest
decision-maker. The KATER project proceeded with the development of decision support
tools for the management of the protected forests of the City of Vienna (Fleck and Vacik
2006) and came up with knowledge management techniques to support decision-making in
protected forests as well (Magagna et al., 2006). City of Vienna water resource managers
make use of the knowledge base developed during the KATER project for making their
management decisions in emergency situations. The SDSS prototype was used for research
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purposes only and not further developed, the expert system based on the knowledge base
developed is still under consideration by the local administration.

ISDW: If the preservation of a protective function or a

ISDW requirement for water procurement is needed, forests are
Jassessment of profection functi d . . .
wproring pogctmaagenent banned by the forest authority in Austria. For such a ban, forest

management prescriptions have to be prescribed and forest
owners have a right to compensation from the beneficiaries of
the forest. The Initiative ISDW (Initiative Schutz durch Wald) is
supporting this process by providing computer-based tools to
assess the present and future protection function by estimating
the effects of specific management options by means of an
Expert System (BMLFUW 2004). Regional management plans are

Figu_re 5.- ISDW.\{\/e.b used to define detailed management prescriptions at local level,
application “Initiative using GIS, database management systems and web-based
Schutz durch Wald wizards. Regional forest managers all over Austria use the tool

for the analysis of the current and future protection efficiency of protected forests and to
develop management plans for specific projects. Training for the data investigations in the
field and the application of the ISDW tool has been provided by the Ministry of Agriculture,
Forestry, Environment and Water Management for interested users recently.

233 Decision support tools related to timber harvest and transport

Several computer-based tools have been developed during recent years in order to support
the short-term planning of timber harvesting and the optimization of logistics and transport.

Real-time spatial optimization: This prototype SDSS seeks to optimize the Wood Supply
Chain (WSC) in real-time using Geographical Information Science and Technology (GIS&T)
coupled with combinatorial optimization methods (Scholz 2010). The system answers the
guestion, to whom timber should be sold — and transported thereafter — to generate the
highest profit, with consideration of transportation costs as
well as the needs of all stakeholders. The results are detailed
schedules for each truck, indicating the timber pick-up and
delivery locations ordered in a temporal sequence, which forms
a tour. To generate a basis for optimizing the WSC, a spatio-
temporal database is created which serves as central data
platform for all stakeholders of the WSC, where data can be
accessed by standardized spatial and non-spatial web services.
" For the purpose of obtaining real-time solutions the position of

each truck is tracked using Location-based Services utilizing a
Service Oriented Architecture (Scholz et al. 2008). Optimizing
the WSC relies on the mathematical definition of the problem
as a Vehicle Routing Problem with Pickup and Delivery and Time Windows in terms of a
Mixed Integer Program, which is solved with a heuristic optimization methodology. The
algorithm used in this approach is Adaptive Large Neighbourhood Search (ALNS) (Ropke and
Pisinger 2006) that is enriched by the spatial domain and thus called spatial ALNS (Scholz and
Bartelme 2010). The results of a first test study in the context of a research project show
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that optimization increases the profit generated in comparison to an algorithm that behaves
in a similar manner to human logistics planning (Scholz 2010).

WoodLogistics: This fully operational supply chain management system is intended to
increase the transparency of the WSC and currently focuses on the province of Styria
(Holzcluster 2011). WoodLogistics is a project that is pursued by the forest industry -
Holzcluster Steiermark GmbH with a number of industry partners - supported by Graz
University of Technology and the University of Life Sciences, Vienna. A central database is
continuously (24/7) accessible by all stakeholders of the WSC, which allows an intelligent
planning of the processes overcoming institutional borders (e.g. timber production or timber
haulage). In addition, participants are able to schedule and monitor timber delivery to
sawmills on a daily basis. Hence, this tool enables the dispatcher to ‘order’ additional
truckloads or to stop further timber delivery to a certain sawmill in case of over delivery. In
order to enhance the transparency of logistic operations, the stakeholders have the
opportunity to use an accounting tool for haulage costs or the possibility of using a
controlling tool for dispatching costs, which both use a map interface.
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Figure 7. WoodLogistics supporting the Wood Supply Chain in Styria (Holzcluster 2011)

WWG Manager: The WWG Manager is a system for collecting, managing and visualizing
WSC data in near-real time, especially developed for the Forest Association in Carinthia
(Geochronix 2011). The system consists of a central database, a central management
application for managing and visualizing as well as several mobile devices with applications
for visualizing and collecting WSC-related data. The mobile devices follow the principle of
Location-based Services, and thus are able to collect and display information in relation to
the present location. The central management
application enables the managers of the Forest
Association Carinthia to visualize timber ready for
haulage in a map interface that is based on
Google Earth. Hence, the allocation of trucks to
certain routes or timber piles to be picked up is
supported by a GIS. An invoicing and accounting
system is integrated as well as a notification
service that keeps members of the Forest
Association informed about the status of their

Figure 8. WWG Manager for supporting
the WSC (Geochronix 2011) 24
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TimberControl: The company Forest Mapping
Management (FMM) released a complete suite
of GIS-based tools for forest management for
forest enterprises (FMM 2011). The tools follow
a web-based approach and thus require an
internet connection for 24/7 availability. Two

=" modules offer the possibility to manage and
monitor timber flow starting with the harvesting
process and ending with timber haulage. Based
on a proprietary GPS-based tracer installed on
machines, any forest enterprise is able to
visualize the position of forest machines and
trucks in real-time. Additionally, timber piles can
be managed with a map interface and their

Figure 9. TimberControl and Smartphone  haulage can be managed using the system at
for Forest Mobile monitoring timber flow  hand. The application Forestmobile offers the

(FMM 2011)

possibility to collect data — e.g. on timber piles —

as well as the functionality to display and manage information in relation to the current
position on a mobile device for any participant of the WSC. Thus, a constant monitoring of
the timber utilization and haulage processes is possible.

=Ty

Figure 10. FelixForst supporting
selling of timber

Figure 11. Praxisplan
Waldwirtschaft supporting
forest planning

FelixForst: FelixForst supports the selling of timber
assortments of forest owners and associations. It offers
the possibility to handle contracts and invoices in a digital
manner. FelixForst was developed by the forest owner
association in Austria and is offered as licensed product to
its members. Problems along the WSC can be identified
and the timber is being formed out according to the
customer’s needs.

Praxisplan Waldwirtschaft: With the ‘Praxisplan’ tool,
forest owners are able to make a forest plan for their
forest property. Without any detailed knowledge about
forest resources, the tool allows the prediction of the
annual cut and the likely harvesting costs related to the
human and technical infrastructure available. GIS maps
enable the display of the forest plan for a total of 10
years. The tool is offered without license costs by the
forest consultant services of the chambers of agriculture

in Styria. Training for interested forest owners is currently
scheduled. Forest consultants currently use the tool to get
an overview of forest resources independent from owner
properties. The extension GEOKONTAKT supports
communication between forest owners, hauling companies
and sawmills along the WSC.
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ToSIA (Tool for Sustainability Impact Assessment

of Forest Wood chains) has been developed within TOU?‘HMS’/: oo B

the FP6 Integrated project ‘EFORWOOD’ for s n oy oo Grar @ﬁ;‘;‘;;
assessing the sustainability impacts of Forest- —— -
Wood-Chains (FWCs). FWCs are defined as chains e LisV)

D mccensly cadd. st ot 3 v

of production processes (e.g. harvesting—

ESCNICODES.

transport—industrial processing) which are linked
with products (e.g. a timber frame house).
Sustainability is determined by analyzing
environmental, economic, and social sustainability
indicators for all the production processes along
the FWC (Pédivinen et al. 2010). Multi-criteria
analysis (MCA) is implemented as a separate software tool that is linked to ToSIA via a data
interface. It facilitates the selection of indicators, their specification for a specific decision
problem via thresholds and weighting of indicators with regard to their importance for a
sustainability impact analysis. The analysis part provides relative sustainability impact ratings
(i.e., an aggregated dimensionless index representing the relative preferences for a set of
alternatives) for individual segments of the forestry wood chain (i.e., forestry, transport,
industrial production, trade) or for the entire chain. Sensitivity analysis informs about the
effects of changing the weighting on the overall rating. Uncertainty analysis allows a
judgment of the impact on the assessment result arising from uncertain input data. The MCA
tool has been developed by the Austrian research group at BOKU, testing prototypes in
Baden-Wiirttemberg, Germany (Wolfslehner et al. 2011). The ToSIA approach is currently
used in Austria to analyze the smart material use of small diameter hardwood.

Figure 12. ToSIA - Tool for
Sustainability Impact Assessment of
Forest Wood chains

2.3.4

Regarding forest management problems in Austria, several computer-based tools were
identified which are addressing to some extent these problems, which are linked to the key
decision problems of FORSYS.

Categorization of computer-based tools

Table 1. Categorization of computer-based tools developed and/or applied in Austria
according to problem types described

Problem type DSS/Tool Models and KM techniques Participatory planning
methods
strategic (choice of tree ClimChalp PICUS, DBMS, WebGlIS preference elicitation;
species) and tactical, PBS, MAUT prioritization of
spatial with no management strategies
neighbourhood DSD MOSES, DBMS preference elicitation;
interrelations, stand level, AHP, prioritization of
single decision-maker, MAUT, management strategies
multiple, market wood niche
products, non-market model
services.
Wolschart AHP, DBMS, GIS prioritization of
MAUT, management objectives
niche
model
tactical, spatial with CONES Prognaus, DBMS, GIS prioritization of
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neighbourhood Damage management strategies
interrelations, stand level, Models, between forest engineer
more than one decision- BPS, MCA and manager
maker, multiple, market Wildalpen/ AHP, MAUT DBMS, GIS, Preference elicitation;
wood products, non- KATER Il Ontology prioritization of
market services. management strategies
ISDW Expert System Justification of subsidies
DBMS, WebGIS
short to mid-term, spatial, Real-time Combinat- Spatio-temporal prioritization of transport
regional/national level, spatial orial DBMS strategies
more than one decision- optimization optimization
maker, multiple, market (heuristics)
wood products. Wood DBMS, GIS prioritization of transport
Logistics strategies
WWG DBMS, GIS prioritization of transport
Manager strategies
Timber DBMS, GIS prioritization of
Control management strategies,
accounting and marketing
FelixForst DBMS prioritization of
assortments, accounting
and marketing
Praxisplan DBMS, GIS design of alternatives
Waldwirt- prioritization of
schaft, management strategies,
Geokontakt communication
Tosia Promethee, DBMS prioritization of

AHP, Scoring

management and

transport strategies

2.4 Discussion and conclusions

Regarding the prevalent problem types described, several computerized decision support
tools have been developed in Austria. In the context of the impacts of global climate change
and possible adaptation strategies, much emphasis has been placed on the management of
secondary conifer forests. This is partly reflected in the development of tools supporting
these activities and related to stand conversion as well. DSS specifically devoted to
management of mountain forests are rare.

Concerning the architecture of forestry DSS, there is a noticeable shift from desktop DSS
towards a modularized architecture with mobile and static clients or with web interfaces.
Thus, DSS (or relevant parts of them) have to be designed in such a way that they are
executable on a mobile device. In order to support a seamless communication of such
heterogeneous systems, standardized (web) services are of interest, which lead to generic
Service Oriented Architectures (SOAs). Such concepts are realized in DSS for timber
utilization. In addition, as contemporary mobile devices detect their own position with
Global Navigation Satellite Systems (GNSS) this information can be incorporated in the
decision-making process. Location-based services may be useful for providing “mobile”
decision support, and for the evaluation and calibration of decision support models at hand.
The activities of FHP Austria to support the WSC with common data protocols and reports
(FHPDAT) are in that context relevant as well.
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In analyzing the development and use of KM tools related to the identified forest
management problems it was not possible to link the tools to a specific problem type
because of their universality and generality. KM techniques cover a broad range of different
topics for the creation, consumption, analysis, presentation and sharing of knowledge
(Lindstaedt et al. 2002). Since forest decision support systems rely on managing knowledge,
nearly every KM technique can be considered as important. Creation and elicitation of
knowledge can be considered as the very first step in knowledge management, with the goal
to create a common understanding of a particular domain. Several KM techniques, such as
‘expert interviews’ or ‘expertise profiling’ support this step. Expertise profiling supports
employees when searching for an expert within their organization. The objective is to create
and provide a profile of skills, experiences and knowledge of all experts within an
organization or a domain. Expert interviews directly aim to externalise knowledge from
experts and make it available for later use. KATER Il (Karst Water Research Programme) has
been one example related to both techniques. Kater Il is a EU Interreg IIIB CADSES project
with the goal of developing a decision support system for the Karst regions in Austria, Italy
and Slovenia. It combines different stakeholder interests from tourism, agriculture and
water pollution control. Knowledge which has been identified through profiling was
organised and structured, preferably by using information technology. In this context
MindMaps were considered as a simple form of knowledge maps allowing the organisation
of concepts hierarchically.

However, human-centred capture approaches like Knowledge Maps or simple text-based
documentation conflict with the needs of information systems for more formal
representations of knowledge. Ontologies, understood in computer science as the
formalisation of a conceptualisation (Gruber 1993), focus on making knowledge explicit
through using formal, logical theories. Creating such ontologies becomes labour intensive
and hence requires either collaboration among experts or support through data mining
techniques. The IDIOM (Information Diffusion Across Interactive Online Media,
www.idiom.at) Project provides data mining techniques and creates ontologies through
analysing textual information contained in online media. The IDIOM Project has been a
research project on acquiring, managing and applying knowledge to monitor climate change
reports in media (Scharl et al. 2008). The web portal aggregates, filters and visualizes
environmental web content from 150 Anglo-American news media sites and creates a formal
representation of the underlying knowledge by using ontologies (Weichselbraun et al. 2008).

However besides visualizing knowledge, understanding and supporting users becomes even
more crucial. Especially in narrow domains, accessing knowledge depends strongly on the
skill and expertise of the user themselves, and, clearly, the ease of access. Knowledge
sharing has become a key issue in knowledge management. This is clearly shown by the
advancement of the web (i.e. web 2.0) as a new media to connect different communities
with each other for sharing expert knowledge and best practices. Two projects, namely
COCOON and waldwissen.net, demonstrate the importance of easy and contextualized
access to knowledge.

At the University of Natural Resources and Life Sciences, Vienna, students learn to cross-link

the ecological, socio-economic and technical knowledge of maintaining, regenerating,
tending and utilizing forests in a sustainable way. The principle of blended learning, a
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combination of online phases and face-to-face meetings is applied. Within COCOON, a
content management system and an authoring tool was developed (Vacik et al. 2006b).
Besides the content information COCOON includes interactive features, search engines,
questionnaires, a glossary and communication tools (discussion forum, chat). The authoring
tool supports content processing by various editors, which makes the use of any HTML-
editor non-essential for authors to transfer learning material to hypertext.

Recognizing the growing importance of the internet for knowledge sharing, the Austrian
Forest Research Center (BFW), jointly with three other research institutes from Freiburg,
Freising and Birmensdorf, has established the information platform ‘waldwissen.net’ which
offers specially processed information for forest practice. This goes from research articles to
guidebooks and technical notes to the review of books and database CDs. As well as this
information platform, a series of online forums have been established for supporting specific
forest management planning problems. In addition, several online platforms support forest
management planning:

e www.herkunftsberatung.at is used for selecting appropriate provenances for
afforestation

e www.borkenkaefer.at is used for the online monitoring of the outbreak of bark
beetle populations in selected traps

e www.wildeinflussmonitoring.at is supporting the documentation of damage by game
and its comparative analysis between provinces

e www.waldinventur.at allows the in-depth analysis of the results of the Austrian
national forest inventory

e Dbfw.ac.at/ws/sdis.schadenstypen supports the identification of forest diseases and
pathogens by means of standardized criteria.

Besides the information platforms, many forest practitioners and forest planners make use
of the web-GIS tools offered by the nine provinces in Austria (e.g. SAGIS, TIRIS, DORIS).
These web tools allow the regional administration to display and communicate relevant
environmental information about forest resources. Restricted access is offered for the
documentation of forest owner specific information, public access mostly allows the display
of various land cover and land use maps (e.g. forest types, forest roads, forest functions,
conservation areas, topographic maps).

Knowledge Management is strongly related to DBMS — spatial, spatio-temporal or non-
spatial — which is one way of structuring and storing knowledge. Interdisciplinary science
‘forces’ researchers to exchange knowledge about objects and their behaviour. Due to the
fact that different disciplines do seldom share a common ‘view of the earth’, every research
area has its own semantics, which makes it hard to identify the tools and techniques
relevant for a specific problem domain. Thus, exchanging knowledge stored in databases
becomes a critical issue, not from a syntactic but from a semantic viewpoint. Incorporating a
semantic-ontological view in knowledge representation and management would enhance
interdisciplinary collaboration and communication. A number of techniques and tools
developed at the Know-Center can suit forestry decision support systems, but have not been
applied to that domain yet. In particular techniques such as semantic technologies, search
and visualisation techniques as well as technology-enhanced learning solutions developed
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within the APOSDLE project (www.aposdle.tugraz.at) could be applied to forestry decision
support systems.

It can be stated that participatory elements are still weakly represented in forest
management planning in Austria. In summary, the proposed tools are mainly designed for
supporting single forest owners/managers/decision-makers. On the other hand, in
participatory forest policy-relevant issues such as the Austrian National Forest Programme
the modes of participation (workshops, group work etc.) are still mostly conventional
without using operations research methods or computer-based tools. Initially, there is
progress towards model-supported stakeholder involvement and MCA relating to a form of
collegial vulnerability assessment with a team from the Austrian Federal Forests (Lexer and
Seidl 2009), and the designed facilities for the group ToSIA-MCA to be further developed and
applied for a ‘real-life’ participatory evaluation of sustainability impacts of forest-wood
chains. Other MCA-based approaches e.g. by SERI (http://seri.at) are from outside the
forestry domain but provide relevant projects such as ARTEMIS (sustainability impact
assessment energy production, http://seri.at/projects/completed-projects/artemis/) or
Optima Lobau (Weiglhofer et al. 2006). However, a sound emphasis on participatory
elements is a constraint to inter- and trans-disciplinary needs to combine natural science
(e.g., ecosystem modeling), social sciences (e.g., policy and stakeholder analysis), and
decision analysis (e.g., MCA) to not reduce participatory planning in the context of DSS to a
purely technical exercise (Wolfslehner and Seidl 2010).
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3 The use of forest decision support systems in Brazil

Luiz Carlos Estraviz Rodriguez and Silvana Ribeiro Nobre

3.1 Introduction

At 516 million ha, Brazilian native and planted forested areas occupy 60.7% of Brazil’s total
territory, making these forests the second largest forested area in the world, after the
Russian forests. The country is divided into six ecosystems, depending on the climate and
forest cover type: the Amazon tropical region with 419.7 million ha (85% forested); the
savannah-like Cerrados with 203.6 million ha (33% forested); the Atlantic tropical forests in
the coast with 111.0 million ha (27% forested); the Caatinga semi-arid region with 84.5
million ha (56% forested); the Pampa grasslands with 17.7 million ha (18.1% forested); and
the regularly flooded Pantanal with 15.0 million ha (58% forested). More statistics about
Brazilian forests can be found at www.florestal.gov.br.

Brazilian forests have been grouped by FAO in six categories: production (planted forests,
national forests and state forests: 6.2%); protection of soils and water resources (basically a
tenth of the Brazilian territory categorized as a permanent preservation area: 16.5%);
biodiversity conservation (protected area in eight different conservation unit categories:
9.7%); social services (used by traditional peoples and protected in three different
conservation unit categories: 24.8%); multiple use (legally preserved in a federal and state
conservation unit called environmental protected area: 6.0%); and other uses (prevalent use
is still undetermined: 36.8%).

According to current data, public forests in Brazil cover an area of approximately 290 million
ha, including national forests, national parks, biological and ecological reserves etc. These
forests are under the direct responsibility of four governmental institutions: the MMA
ministry of environment (this forest policy proponent is also empowered to sign forest
concessions); the SFB forest service (manager of public forests at the federal level in charge
of producing forest goods and services); the IBAMA renewable natural resources and
environment institute (environmental licensing and monitoring); and the ICMBio biodiversity
institute (manager of all federal conservation units). Supported by public hearings, many
processes involving planning, decision-making and destination processes have also been
defined with the participation of three councils specially constituted to consider multilateral
participation: the CONAMA national environmental council, the CONAFLOR national forests
commission, and the CGFLOP public forests management commission. Brazilian experience
with concessions in public forests is concentrated in the Amazon, and started just a few
years ago. The first forest concession, in the Jamari National Forest, designated in 2007 an
area of 96,000 ha to three concession holders allowed to implement reduced impact logging
systems (RILS) described in sustainable management of tropical forest (SMTF) plans; the
second concession (Saraca-Taquera National Forest) was signed in 2009, and designated
50,000 ha to two concession holders; and the third forest concession process (Amana
National Forest), involving 210,000 ha, is currently in the public hearings phase.

Communal forests represent a special category in Brazil and are used by traditional and
indigenous peoples and communities, small landowners (subsistence agriculture) and land
reform settlers. The Brazilian constitution guarantees free access to indigenous populations
and quilombolas (slave descendents living in quilombos, areas their ancestors fled to looking
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for freedom). The 2006 Public Forests Management Law reinforces the rights of local
communities living in public forests to exploit free of charge the forest resources available in
these lands. Approximately 129 million ha (15% of Brazilian territory) is designated to these
communities, including the 98.4 million ha occupied by many different indigenous tribes.

Private forests amount to approximately 99 million ha, according to periodic national census
assessments. Fast-growing industrial planted forests play an important role in Brazil’s
economy and represent less than 7% of the total land covered with private forests.
Harvested products from these plantations are predominantly eucalyptus wood (4.5 million
ha), pine wood (1.8 million ha), acacia wood (0.17 million ha) and other species (0.30 million
ha).

3.1.1 Prevalent forest management problem types in Brazil

FORSYS problem type categories consider six problem dimensions: temporal scale, spatial
context, spatial scale, stakeholder involvement, objectives and outputs. In Brazil, it is
important to briefly refer to the current legal framework that directly influences how land
owners use their rural properties and implement forest activities.

The Brazilian framework of laws that control environmental licences, land use and forest
management is intricate and has been significantly improved over the last two decades.
These laws regulate the way land owners use their land, and explicitly predetermine the
amount of land that a rural property has to preserve for environmental purposes or to
maintain uncultivated protecting soils and water streams (usually referred in Brazil as APPs —
Permanent Preservation Areas), or to reserve as a precautionary measure to maintain a
constant stock of wood and forest resources (also referred in Brazil as RLs — Legal Reserves).

Basically, the management of forests in Brazil is undertaken either by a group of workers in a
private company or by a federal or state team of public officials. The importance of the legal
framework becomes clear when Brazilian forest managers consider spatial context and scale
dimensions. For example, the spatiality of forest operations in a public or private property is
intrinsically constrained by law. Side banks of rivers, water springs, and hill tops must be
excluded from production purposes in the property as protected areas (APPs). Depending on
the geographical location of the property, native forests have to be maintained as legal
reserves (RLs) in 80% (Amazon region) or 20% (other Brazilian regions) of the property area.
Clear cutting is not allowed in legal reserves, and in these areas a long-term forest
management plan is always required to implement harvest or plantation operations.
Conventional agricultural crops, perennial cultivation of coffee, rubber trees, fruit trees,
forest plantations like eucalyptus, pine, teak and acacia, and other similar activities are,
therefore, constrained to the remaining area.

Consequently, in Brazil, private forest plantations are cultivated in patches neighbouring
APPs and RLs, which means that neighbourhood interrelations are obligatorily considered
when these planted forests are spatially distributed in the property.

Governed by law, the management of forests in legal reserves (public or private RLs) and
public forests in Brazil has to strictly follow a very comprehensive and detailed set of rules.
Harvesting licences in RLs and public forests, and transportation permits for wood produced
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in these areas can only be issued by state officials after a long-term strategic plan is
approved and an annual short-term operational plan is submitted.

Considering the prevailing legal framework in Brazil, and FORSYS suggested dimensions, four
prevalent forest management problem types are reported in this document. The remaining
types are not reported either because there are none — as in cases involving single decision-
makers and where spatiality is not considered (the current Brazilian legal framework
imposes the consideration of spatial constraints when planning land use in all rural
properties) — or because there are too many variations, as in the case of stand level and
tactical or operational forest management problems where simplified versions of trial and
error and simulation techniques are usually applied. The problem types reported in this
chapter are numbered B1, B2, B3 and B4 and presented in Table 1. The Brazilian Forest
Service produces an annual forest plan at the national/regional level and could be classified
as a different type, but their approach to deal with such problems fits the B4 type.

Table 1. Prevalent problem types in Brazil according to FORSYS dimension categories

. . Types
Dimensions
Bl B2 B3 B4
Long-term (strategic) X X X X
Temporal scale Medium-term (tactical)
Short-term (operational )
Non-spatial
Spatial context Spatial with neighbourhood interrelations X
Spatial with no neighbourhood interrelations X X X
Stand level
Spatial Scale Forest level X X X X
Regional/national level
Parties involved Single decision-maker
More than one decision-maker/stakeholders X X X X
.. Single X
Objectives Multiple X X X
Market non-wood products X
) Market wood products X X X X
Goods and services )
Market services X
Non-market services X

Forest management problem types B1, B2 and B3 are typical among professional teams
dealing with private forest plantations. Concession managers and public officials in public
forests, and legal reserve managers dealing with the management of private forests, usually
face a B4 forest management problem type.

3.2 Material and methods

Two main sources of information were used in this report. The first source of information is
represented by the main laws and regulations that rule the management of public forests.
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The second source of data was the collection of responses from a questionnaire that allowed
for a more detailed analysis of all three problem types that characterize the management of
private forest plantations.

3.2.1 Scope of the study

Most frequently, activities related to forest management occur in Brazil when dealing with
private industrial planted forests, natural forests in legal reserves (RLs), concessions in
national forests and communal forests. Statistics presented in the introductory section
illustrate the relative importance of these forests. Although small in terms of land use,
around 4.4% of all Brazilian territory, the management of private industrial planted forests
(6.6 million ha), concessions in national forests (0.36 million ha) and communal forests (30.5
million ha) contribute to a significant 4% of the Brazilian annual Growth Domestic Product
(GDP). Forest management and planning activities in communal forests are practically
irrelevant.

The management of small private forests (for Brazilian standards, with less than 1,000 ha)
was not included in the survey. In these cases, forest managers rely basically on simple GIS
applications, electronic spreadsheets and tacit knowledge. For the assessment reported
here, it is important to emphasize that the sample represents the group of private forest
managers with a supposedly higher level of willingness to adopt more complex knowledge
management and decision support systems.

3.2.2 Assessed problem types

All four problem types were assessed in this study. The distribution of the sampled group of
respondents, considering these four FORSYS problem types, is presented in Table 2. For 15
respondents in the private forests group, the prevalent dimensions of the forest
management problem correspond to the B2 category, that is: long-term temporal scale,
spatial context with no neighbourhood interrelations and spatial scale at the forest level,
involving more than one decision-maker, market wood products and multiple objectives. The
only difference for the other six respondents in the private forests group is the existence of
only one objective (B1 problem type). And furthermore, among the private forest managers,
in only one case the spatial interrelation with neighboring forest stands was considered (B3).

Table 2. Distribution of valid questionnaires among FORSYS problem types

Problem type Number of responses  Area effectively planted
Bl 6 378,974 ha
B2 15 1,012,802 ha
B3 1 94,500 ha
B4 1 356,000 ha

In the case of public forests, the problem type was defined in Table 1 as B4, where the
considered dimensions are very similar to B2, except that forests are expected to produce
multiple goods and services (market wood and non-wood products, and market and non-
market services).
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3.23 Methodology

Interviews and consultation of the regulatory norms and laws provided most of the needed
information to characterize knowledge management tools and phases implemented by
managers dealing with public forests, especially forest concessions. Basically, these
managers do not use sophisticated knowledge management tools and decision support
systems. In fact, and invariably, all planning and management phases in these cases are
supported by basic geographical information systems applications, electronic spreadsheets
and tacit knowledge.

The planning and management of planted industrial forests, on the other hand, has
increasingly relied on more sophisticated and improved management techniques. An
accurate assessment to produce the results expected in this report required the
development and application of a structured questionnaire. The survey was applied to a
group of 22 forest managers representing the private industrial forest sector.

The questionnaire was made available to 30 different companies, and the final number of
valid responses amounted to 22. These responses represent 21% of the total area planted
with industrial forests in Brazil, or more specifically 1.48 million ha in a universe of 6.77
million ha. The number of responded questionnaires per class of effectively planted forest
area is presented in Table 3.

Table 3. Distribution of valid questionnaires among classes of effectively forested area

Class interval Number of responses Total area planted
< 50,000 ha 11 172,228 ha
50,000 to 100,000 ha 6 518,684 ha
100,000 to 150,000 ha 2 258,000 ha
150,000 to 200,000 ha 2 325,699 ha
200,000 to 250,000 ha 1 211,665 ha

The assessment was based on a survey with 22 questions organized into two sets. The first
set, with 12 questions, tried to characterize the problem in terms of size, format and
complexity. The second set, with 10 questions, characterized the use of knowledge
management tools, decision support systems and planning phases.

3.3 Results

All prevailing problem types in Brazil refer to situations where more than one decision-
maker and stakeholder are involved. The set of FORSYS methods to describe and assess
participatory planning was used to address all reported Brazilian forest planning problems.
Problem types B1, B2 and B3 are assessed in Table 4 and Table 5. Table 4 summarizes the
participatory planning methods qualified by the questionnaires. Table 5 describes how
knowledge management techniques are used in Brazil according to their contribution for the
identification, analysis and solving of the three prevailing problem types. A description is
provided for each phase: intelligence, design and decision-making. Table 6 summarizes the
participatory planning method and knowledge management techniques used in Brazil to
manage forest concessions in National Forests. The information provided in Table 6 was
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compiled from interviews and the revision of legal and normative documents discussed with
public officials.

Table 4, in the design phase, refers to basic models generated by matrix generators. These
are linear programming harvest scheduling Type | and Type |l applications that have been
developed in Brazil since the 1980s (Rodriguez and Lima 1985; Rodriguez and Moreira 1989),
as cooperative research projects. One of the first cooperative projects in Brazil was a
partnership between the University of Sao Paulo and IPEF, a Brazilian forest research
institute sponsored mainly by private forest companies.

Variations around the first applications in the 1980s have been applied since then to
produce all strategic and tactical plans used by most forest managers in charge of large-scale
forest plantations in Brazil. An example of a more recent application that generates
strategically and tactically integrated plans, also developed in close cooperation with the
university as a research project, and effectively applied by many companies was presented
by Banhara et al. (2010).

The same Table (4) also refers in the design phase to software that reads data from
relational databases that integrate information from different data modules like the register
(a catalogue of forest stands and historical series of plantation cycles), forest inventory, GIS
and operational data logs. These databases have been developed in Brazil according to
relational database principles developed by experts cooperating with research projects in
Brazilian and Portuguese universities. Such initiatives have been published in Brazilian
forestry journals (Miragaia et al. 1999; Nobre et al. 2003; Nobre et al. 2004; Nobre and
Rodriguez 2005).

Several techniques incorporated as standard procedures by forest managers working in the
private sector in Brazil have their origins as graduate dissertations and thesis in Brazilian
universities. Most of these contributions result in papers published in Portuguese, in
Brazilian scientific journals like Scientia Forestalis, Cerne and Arvore, for instance. The
consequence is further development and modernization of forest planning techniques in
Brazil that usually passes unnoticed internationally. But, the undeniable fact is that the
contribution given by many graduate forestry programmes has been significant for the
development and modernization of DSS forest management tools and for the management
of large-scale industrial forest plantations in Brazil.
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Table 4. Summary of results that characterize the forest planning process considering problem types B1, B2 and B3

Problem types Dimensions
Temporal Scale: Long-term (strategic)
Spatial Context: Spatial with no neighbourhood and with neighbourhood interrelation
Spatial Scale: Forest level
B1, B2 and B3 .
Parties involved More than one DM
Objectives: Single/Multiple

Goods and services:  Market wood products

Phases

Participants

Methods/Tools used (if any)

Intelligence

Planners and
non-planners
from other
departments,
including board
of directors and
operational
managers

(1) Spreadsheets with production goals per product type. Basically, commercial expectations are informed.
(2) Also available resources like budget, machinery, investments resources are informed using spreadsheets.
(3) Product expected prices, and market growing expectations and scenarios are defined using spreadsheets.
(4) Interviews to clarify cost assumptions.

(5) Interviews to clarify main directives and strategies like maximize net present value NPV, or maximize
production, or minimize costs, etc.

(6) Analysis of previous contracts to generate, for example, assumptions on alternative harvesting and
thinning ages. This generates data that will be part of a model.

(7) Workshops to validate the strategy.

(8) In all cases data are typed into matrix generator software by the planning team.

Planning team
(experts)

(1) Workshops and training sessions.

(2) Prepare requests for goals, prices, assumptions and constraints using spreadsheets. According to 64% of
our sample, goals and assumptions come from people from other departments of the company such as
the board of directors, and commercial and operational managers.
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(3) 19% of our sample shows that they create scenarios according to assumptions given in this intelligence
phase.

Integration to DSS
&
Participation type

There is no digital integration in this phase; amount of data does not demand specific software. Data is
taken as input to the design process. In this phase, we have a participatory process to exchange
information. The aim of the participatory process in this phase is to create an environment of
cooperation. Whenever possible, the expert team creates a representative model. Parties involved must
agree on basic assumptions in this phase.

Planning team

Desi
eslen (experts)

(1) The expert team creates a basic model in a modeling environment to the Matrix Generator software
(Woodstock, Planflor, Optimber, Homemade software).

(2) Software that reads data from a relational database (integrated data from the register, inventory, GIS and
operational modules) and exports it to Excel spreadsheets and text files that are used as input files by
Matrix Generator software.

(3) VB Macros that transform data and prepare it as input to the Matrix Generator.

(4) C#, SQL-Server and Oracle procedures that read data from the database, process, format and generate the
preformatted components of the model (yield tables, stands current situation, prices, costs, etc.)

(5) Use of the matrix generator environment to test many scenarios and objectives.

Integration to DSS
&
Participation type

Digital integration to other tools is intensive, aiming to provide input data that is related to stand information,
inventory, costs and maps. The aim of these integrations is also to reduce ‘manual data processing’. However,
9% of the respondents declared that they still have intense manual and spreadsheet preparation of data
before the matrix generator processing phase. Participation here is focused on data preparation. Parties
involved (operational, logistics, controllers, GIS team) participate indirectly. These parties have the
responsibility to provide good quality data and they are asked to check them before planning design process
starts. In this sense, this phase is characterized as a participatory process due to the fact that the model
building phase depends on the previous work of other teams that share the responsibility for accuracy and
data quality.

Decision Planners and

(1) 40% of the survey respondents use graphs and tables generated by the report writer of the matrix
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making non-planners
from other
departments,
including board
of directors and
operational
managers

Planning team
(experts)

Integration to DSS
&
Participation type

generator and solver software. These graphs and tables are discussed in workshop, or shared through e-
mail in documents named ‘scenario analysis’.

(2) 68% of the survey respondents complement their analysis using graphs and dynamic tables built in Excel®

Calculation and preparation of tables and graphs to compare scenarios using Excel® or the Matrix Generator

specific tools.

The survey showed the existence of three different participatory decision processes:

(1) All scenarios are submitted to all parties in a workshop or meeting and the group chooses which scenario
is the best depending on company’s strategy.

(2) The planning team chooses the best scenarios and presents the advantages of each one in a report orin a
meeting. Then, a small group (or the company main stakeholder) chooses the best.

(3) The planning team chooses the best according to predefined criteria and validates it in a small group of
DM such as the board of directors.
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Table 5. A description of how knowledge management tools are used along the planning phases in planted industrial forests in Brazi

Intelligence phase

The basic KM tools used in this phase are: (i) a set of pre-defined and pre-formatted spreadsheets to contain, organize and share information
about goals, prices, objectives and assumptions; and (ii) workshops and interviews to clarify information and share responsibility on goals and
objectives. The same set of knowledge management tools is used in this phase, independently from the decision support system used in

subsequent phases.

Design phase

DSS main component

Description

Use of KM Tools & Techniques

1 — Simulation systems

DSS based on data analysis and
simulations using VB Macros, Delphi,
etc.

(1) DBMS MS SQL-Server® modular systems to store and manage stands
information (register), inventory and operational data.

(2) Agents programmed in Transact-SQL to retrieve data from database
sent afterwards to Excel spreadsheets to be analyzed.

(3) Excel back to register and inventory modules.

2 —Homemade
optimization system

DSS based on optimization
techniques. Matrix generator
programmed by internal team of
experts.

(1) DBMS MS SQL-Server® modular systems to store and manage stands
information (register), inventory and operational data.

(2) Agents programmed in MS VB Excel to treat information and prepare
to be used in a Matrix generator.

3 — Optimber and Planfor

DSS based on Linear Programming
optimization techniques. Matrix
Generator programmed and
supported by a local software
provider.

(1) DBMS MS SQL-Server® and Oracle® modular systems to store and
manage stands information (register), inventory and operational data.

(2) Excel to manage data from register and inventory modules.

(3) Agents programmed in Transact-SQL and in Oracle® language to
retrieve data from database sent afterwards to Excel®. From Excel®
data is formatted to become part of the model.

4 — Woodstock & Stanley

DSS based on Mixed integer
Programming optimization
techniques. Matrix Generator and
modeling environment programmed
and supported by a Remsoft (global

(1) DBMS MS SQL-Server® and Oracle® modular systems to store and
manage stands information (register), inventory and operational data.

(2) Agents programmed in Transact-SQL and in Oracle® language to
retrieve data from database which is sent afterwards directly to
become part of a model.
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software provider).

Decision-making phase

The basic KM tools used in this phase are: (i) a set of spreadsheets containing graphs and tables, organized in such way that can be used to
share information about calculated scenarios; (ii) a set of graphs and tables produced for instance by Woodstock and Stanley analytic
environments to share results and explore other scenario calculations; (iii) workshops where the expert team presents scenario results. The
same set of knowledge management tools is used in this phase, independently from the decision support system used in previous phases.
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Table 6. Summary of results that characterize the forest planning process considering problem type B4

Problem types Dimensions
Temporal Scale: Long-term (strategic)
Spatial Context: Spatial with no neighbourhood and with neighbourhood interrelation
B4 Spatial Scale: Forest level
Parties involved More than one DM
Objectives: Single/Multiple
Goods and services: Market non-wood and wood products; and market and non-market services

Phases

Participants

Methods/Tools used (if any)

Intelligence

Brazilian Forest
Service

Public forests in Brazil are regulated by the Law for the Management of Public Forests, which determines the
annual preparation of a document called PAOF (SFB 2010), an acronym in Portuguese for Forests Concession
Annual Plan.

The PAOF plan is annually prepared and establishes which public forests will become available for concessions
in the next year.

The document is annually prepared by experts in the Brazilian Forest Service (‘SFB’), a branch of the Brazilian
Ministry of Environment.

A registry of all public forests is maintained by the SFB. Most of these forests are legally bounded to provide
protection and sanctuary for biodiversity and communal cultures. Some, like National Forests, are available for
sustainable forest management.

Planning team
(experts)

An expert team in the SFB collects national and regional data using GIS and spreadsheets as the main tools for
data compilation and analysis.

Meetings involving many representatives from federal and state agencies — in charge of issues related with the
environment, transportation infrastructure, energy, agriculture etc — are held to evaluate interactions and
common objectives.
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Integration to DSS
&
Participation type

Many public hearings are held annually to discuss the possibilities of opening certain areas in National Forests
for concessions.

The process does not benefit from systems that integrate data. Participatory processes try to exchange
information. Expert teams involved do their best to figure out relevancies and to establish reasonable
conditions to filter the overwhelming amount of information that will indicate which areas in National
Forests will contribute the most for regional and local development.

Planning team

Desi
eslen (experts)

A catalogue of data describing all public forests in Brazil maintained by the BFS is filtered to provide a list of
forests bounded to provide legal and justifiable concession offers.

An expert team in the Brazilian Forest Service relies basically on exploratory tools provided by Excel
spreadsheets and Gl systems.

Integration to DSS
&
Participation type

The designing process is manual in terms of processing data collected from several sources, including reports
produced in many public hearings and meetings with local communities.

Decision- Brazilian Forest
making Service

No formal DSS is used

Basic filtering of the data provided in previous phases constitutes a set of basic rules that are used to identify
the list of forests that becomes available for concessions auctions in a specific year.

A provisional document is produced and submitted to public hearings again until an agreement is reached.

Suggestions collected during the public hearings are integrated in a final version of the document, which is
signed by the Minister of Environment and published in July every year.

Integration to DSS &
Participation type

Although not supported by modern information technology, the process is reasonably well integrated to
participatory process.

45



3.4 Discussion and conclusions

The regular use of Forest Decision Support Systems in Brazil is still confined to a very small group of users,
most of them working exclusively for the pulp and paper industrial sectors. Very few of these systems tend
to be complex applications, relying heavily on modern information technologies. In fact, most of them are
still struggling to incorporate the full potential of mathematical optimization, multi-objective techniques,
expert system support etc.

Results show that there is plenty of space for the development of knowledge management tools and
decision support systems in Brazil. The issue of how successfully the developed tools have addressed the
Brazilian problem types reported in this chapter has to take into consideration the context in which such
solutions have been generated. The vast majority of techniques used by professionals in the area have
been developed and extracted from research projects conducted by graduate students, researchers and
professors working in universities in Brazil, who also have benefited from working in close collaboration
with researchers in other universities outside Brazil. Most of the forest planners currently using DSS tools
for the management of large-scale forest plantations in Brazil have either been co-authors or graduate
students who developed the data or problem modelling techniques themselves. So, basically, the situation
in Brazil can be summarized as an ongoing educational process that, in close cooperation with research
activities and graduate programs in the main Brazilian universities, introduces regular and gradual
improvements to the DSS forest management tools that have been used to solve all problem types
reported in this chapter.

Expert teams using more advanced optimization techniques and working in the industry sector, are more
motivated and have better access to more updated information technology. The survey among forest
managers of industrial planted forests reveals that the planning process involves collaborative
participation. There is involvement of many decision makers in all phases, and there is exchanging of
information and sharing of responsibilities.

The whole process of planning and managing public forest concessions, characterized as problem type B4,
can immensely benefit from more elaborate decision support systems and from the integration with
modern information technologies. The enforcement of the legal framework to professionally manage
public forests is still a recent event in Brazil, and some innovative initiatives can be foreseen in the near
future.
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4 The development and use of forest management decision support systems
in Canada

David L. Martell, Faculty of Forestry, University of Toronto (david.martell@utoronto.ca) and Eldon A. Gunn,
Department of Industrial Engineering, Dalhousie University (eldon.gunn@dal.ca)

4.1 Introduction

Canada is the world’s second largest country with an area of 9,984,670 km? It is a federation of 10
provinces (Alberta, British Columbia, Manitoba, New Brunswick, Newfoundland and Labrador, Nova Scotia,
Ontario, Prince Edward Island, Quebec and Saskatchewan) and three territories (Northwest Territories,
Nunavut and Yukon Territory).’ Figure 1 is a map of the provinces and territories of Canada, overlaid with a
map of its forest ecozones which are described below.

The largest province is Quebec which covers an area of 1,542,056 km? and the smallest is Prince Edward
Island (PEI) with an area of only 5,660 km?. The population of Canada on 1 January 2011 was 34,278,406
(Statistics Canada 2011). The most populated province is Ontario, which had a population of 13,282,444,
and the least populated province is Prince Edward Island which had a population of 143,481 at that time.
The 1 January 2011 populations of the Northwest Territories, Nunavut and Yukon were 43,554; 33,303 and
34,306 respectively.

There are many different ways of describing and classifying forest land and the National Ecological
Framework for Canada (Ecological Stratification Working Group 1996) is often used to classify forest land in
Canada. Ecozones are large and very generalized, having roughly the same land features, climate and
organisms throughout them (McGill University 2011). Canada has 20 ecozones, 15 of which are terrestrial
and five of which are marine. The 11 forest ecozones are shown in Figure 1.8

7The primary difference between provinces and territories is that provinces exercise powers that are based on the Constitution
Act of 1867, whereas the territories exercise powers delegated to them by the federal government which is commonly referred
to as the Government of Canada.

8 See http://canadianbiodiversity.mcgill.ca/english/ecozones/index.htm for a description of the location, climate, geology and
geography, flora and fauna, human population and representative photographs of representative locations within each ecozone.
The Atlas of Canada, a web-based catalogue of maps of Canada which is maintained by the federal government’s Department of
Natural Resources Canada (NRCan), includes maps of many social, economic and ecological aspects of Canada’s forests
(http://atlas.nrcan.gc.ca/auth/english/maps/environment/forest).
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Figure 1. Map of the provinces, territories and forest ecozones of Canada.’

Canada has 418 million ha of forested land, of which 244 million ha are classed as being capable of being
used for timber production, with approximately 89% publicly owned and 11% privately owned (Rotherham

2003).

In terms of forest harvesting activities, Canada has one of the world’s largest forest economies®®. Total
sector revenues are approximately CS57 billion. Total exports are approximately C$26 billion including pulp
(CS7.3 billion), paper (€$10.0 billion) ,lumber (C$5.2 billion), panels (C$1.5 billion) and other wood
products (C$2.0 billion) . Total direct employment is 237,000 people. Biomass combustion currently
contributes to about 6% of Canada’s energy requirements* and this use is expected to grow.

The federal government, provinces and territories are responsible for the stewardship of the public forest
land under their jurisdiction. Each of the provinces and territories is unique with respect to the ecozones in
which its forest lies, the bio-geophysical processes that influence the ecological process that shapes them,
how they were managed in the past and how they are currently managed. It is therefore not surprising
that those governments have developed and implemented forest policies that share many common

9 Prepared by L. Zang by overlaying the Agriculture and Agri-Food Canada (2008) national ecological framework map of the
ecozones of Canada on the Natural Resources Canada (2008) map of the administrative boundaries of Canada.

10 The statistics in this paragraph are taken from the Forest Products Association of Canada website
www.fpac.ca/index.php/en/industry-by-the-numbers/ where more detailed information is also available.

11 See http://canmetenergy.nrcan.gc.ca/bioenergy-systems/1791 for more details.
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features, but vary, to some extent, from jurisdiction to jurisdiction as each level of government implements
policies that it feels will best meet the needs of its citizens.

Typically, large forest enterprises have had some form of land tenure on Crown land, a land tenure that
implies a right to certain harvests but also often implies responsibility for land management and
silviculture. Tenure arrangements are currently under active discussion in many Canadian provinces and
are likely to emerge in somewhat different forms from the present. Understanding the true impact of
alternative tenure arrangements is a pressing area of concern.

While private landownership represents only 11% of the Canadian total, private land is typically the most
productive and most accessible land, producing 19% of the total Canadian harvest (see Rotherham 2003).
The extent to which forest land is privately owned varies significantly from province to province, with the
smallest provinces (New Brunswick, Nova Scotia and Prince Edward Island) having the highest proportion
of private land holdings. However, private landholding is significant across the country. The total amount of
productive private forest land in Canada is approximately 25 million ha, larger than the total amount of
productive forest land in Finland, for example.

Although most of the public forests of Canada and the land on which they grow are viewed as provincial
resources that are administered by the provincial governments, there are some exceptions, the most
significant of which is some relatively small parcels of land, notably national parks (which cover a total of
approximately 225,000 km? or roughly 2.2% of the area of Canada) which remain under the jurisdiction of
the federal government?. The federal government has passed the jurisdiction of non-national park forest
land in the territories over to the territorial governments that administer those forest lands, much like the
provinces administer their forest lands. Since Canada is a constitutional monarchy, publicly owned land is
commonly referred to as Crown land.

4.1.1 Canadian Council of Forest Ministers (CCFM)

Canadians have long recognized the importance of inter-governmental collaboration and cooperation to
meet provincial, territorial, national and global concerns. That sentiment is perhaps best reflected in the
existence of the Canadian Council of Forest Ministers (CCFM), which was established in 1985 to serve, in its
own words, as “an important forum for the federal, provincial and territorial governments responsible for
forests to work cooperatively to address major areas of common interest” and to provide “leadership on
national and international issues and sets direction for the stewardship and sustainable management of
Canada’s forests” (CCFM 2010).

Canadians have a deep commitment to sustainable forest management (SFM). Canada participated in a
1992 multinational seminar on criteria and indicators (C&I) in Montreal which led to the development of
what is referred to as the ‘Montréal Process’ and supported SFM at the 1992 UN Conference on
Environment and Development in Rio de Janeiro, Brazil. The CCFM followed up on that commitment by
developing its first national C&I framework which was released in 1995 and subsequently refined in 2003.
Those C&lI are described in CCFM (2003) and their use is described in CCFM (2008). That report describes
how those C&I are applied at national, provincial, territorial and local levels. From a forest management
planning perspective the C&I have, in the words of the CCFM “been used as the basis for developing local
level indicators (LLI) of SFM that are meaningful at a local scale; in turn, the LLI help guide planning, data

12 Note that the provincial and territorial governments have also developed and maintain many parks and protected areas on
the forest land under their jurisdiction.
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collection, reporting and decision-making to meet provincial regulatory requirements for SFM” and for
forest certification purposes.

4.1.2 The role of First Nations in forest management in Canada

Aboriginal peoples inhabited the portion of North America that is now Canada for thousands of years prior
to European colonization, but they had virtually no impact on forest management planning until very
recently. Some of the First Nation peoples signed treaties with the British Crown and the federal
government assumed responsibility for those treaties after the founding of Canada. Others never signed
such treaties, and to this day there are First Nation communities that are negotiating with federal and
provincial governments to develop agreements that will address, for example, how they will be
compensated for land they no longer control and how they will benefit from natural resource
development.

In the past, First Nations people were largely ignored when forest management plans were developed and
implemented and the construction of forest access roads and harvesting activities often disrupted their
hunting, fishing, trapping and other traditional land use activities. Canada’s recognition that it treated its
First Nations people poorly in the past and that it must right past wrongs is reflected in many ways (see for
example, Government of Canada 2011) including the extent to which they must play a significant role in
forest management planning and the extent to which forest management must address their needs and
aspirations as well as traditional economic concerns.

Two court rulings have played a very important role in clarifying aboriginal rights with respect to forestry
and other natural resources. The 1997 Delgamuukw ruling of the Supreme Court of Canada pertains to First
Nations in the province of British Columbia that did not sign treaties. One of the most important provisions
of that ruling is that it provided First Nations with title to some forest lands and it laid out strict guidelines
for consultation with all indigenous peoples in Canada. Another landmark court decision is what is referred
to as the Marshall ruling of the Supreme Court, which affirmed gathering rights that are now interpreted
by some as the right of First Nations people to harvest timber on their traditional lands.

Those new realities are perhaps best reflected in the CCFM’s Criterion 6: Society's Responsibility, which
pertains to fair and effective resource management choices and includes indicators designed to serve as
measures of the extent to which First Nations people and their aboriginal and treaty rights are respected,
and the extent to which they are consulted and their traditional ecological knowledge informs forest
management.

4.1.3 Forest certification

Forest certification has been widely adopted within Canada’s forest sector in keeping with a commitment
to sustainable forest management. In its 2008 Statement on Forest Certification Standards in Canada, the
Canadian Council of Forest Ministers stated that “Governments in Canada support third-party forest
certification as a tool to demonstrate the rigour of Canada’s forest management laws, and to document
the country’s world-class sustainable forest management record”.

All of the members of the Forest Products Association of Canada (FPAC) and many organizations that are
not members of FPAC are third-party certified using one or more of:

1) the Canadian Standards Association (CSA) Sustainable Forest Management System (SFM) standard
51



2) the Forest Stewardship Council (FSC) standard
3) the Sustainable Forestry Initiative (SFI).

As of mid-year 2011, a total of 151,121,853 ha had been so certified (Certification Canada 2011). Canada
now has the largest area of third-party certified forest land in the world.

4.1.4 Forest management planning on Crown land in Ontario

As was noted above, most of the forest land in Canada is publicly owned and administered by provincial
and territorial governments which refer to the publicly owned land under their jurisdiction as Crown land.
The policies and procedures that govern the management of Crown land vary from province to province
and territory to territory, based on the form of tenure that provides forest companies with access to the
forest resources on that land over extended planning horizons subject to their adherence to the terms and
conditions of their tenure agreements.

We chose to focus on the management of Crown land in the province of Ontario to illustrate how one of
the 10 provinces and three territories establishes and implements the planning processes that guide the
management of the forest land under its jurisdiction. However, every province has in place its own
approach. In terms of wood supply estimation, the CCFM, under its National Forestry Database program,
compiled a brief description of each province’s approach in the Canadian Council of Forest Ministers (2005)
report. That report provides a brief outline of the forest conditions and forest sustainability issues that
affect wood supply in each province and the decision support tools available. Although the report was
issued in 2005, it probably is more representative of the situation about three to four years earlier.

Ontario’s approach to forest management planning is described on the Ontario Ministry of Natural
Resources’ publicly accessible website entitled Forest Management Planning in Ontario
(www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/STELO2_163511.html). The province of
Ontario covers an area of 1,076,395 kmz, 71 million ha of which is classed as forested land and 90% of the
forested land is publicly owned Crown land. Roughly 26 million ha of that Crown land (which is referred to
as the Area of the Undertaking (www.mnr.gov.on.ca/en/Business/Forests/1ColumnSubPage/290572.html)
(or the AOU)) is managed for the production of timber and other forest resources.

The Crown Forest Sustainability Act (CFSA) and the Environmental Assessment (EA) Act constitute the
legislative framework for forest management in Ontario. Ontario’s commitment to sustainable forest
management is addressed in the CFSA, the purpose of which is “to provide for the sustainability of Crown
forests and, in accordance with that objective, to manage Crown forests to meet social, economic and
environmental needs of present and future generations” (OMNR 1994).

The EA Act prescribes the processes that govern the formal approval of forest management activities, such
as the type of public consultation that must take place during the planning process, the construction of
forest access roads, harvesting operations and forest renewal and tending. The administration of the EA
Act falls under the jurisdiction of the Minister of the Environment who in effect, oversees the
environmental impact of forest management activities that are administered by the Minister of Natural
Resources. That oversight is perhaps best reflected in the Class EA approval for forest management
activities by which the Ministry of the Environment (MOE) stipulates how the OMNR will carry out and
administer forest management in Ontario.

52


http://www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/STEL02_163511.html
http://www.mnr.gov.on.ca/en/Business/Forests/1ColumnSubPage/290572.html

The EA Act allows the MOE to approve “some classes or groups of projects that are carried out routinely
and have environmental effects that can be predicted and mitigated, have approval under the EA Act
through a Class EA”. Forest management on Crown land in Ontario is carried out under what is referred to
as Ontario’s Forest Management Class Environmental Assessment. The Class EA allows the OMNR to
proceed without carrying out a formal environmental assessment of every forest management activity that
takes place, on the assumption that all such activities will adhere to the provisions of the Class EA.

The OMNR’s Forest Management Planning in Ontario website
(www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/STELO2_163511.html) describes how it
carries out forest management planning under the terms of the Class EA. The MOE first granted approval
of the Class EA for a nine-year period beginning in 1994. That approval was extended in 2003 with
Declaration Order MNR-71 (www.downloads.ene.gov.on.ca/files/eaab/mnr71_forest_class_DO.pdf)
(which is referred to as the OMNR’s Forest Management Class EA Approval) which contains 55 conditions
that the OMNR must adhere to when carrying out forest management, including the preparation, review
and approval of forest management plans. The OMNR’s planning process is described in its Forest
Management Planning Manual
(www.mnr.gov.on.ca/en/Business/Forests/Publication/MNR_E000215P.html) which is a regulated manual
under the CFSA. The OMNR must report to the MOE on the Class EA every five years and Amending Order
MNR-71/2 (www.downloads.ene.gov.on.ca/files/eaab/mnr71_2forest_classamend_DO.pdf ) is the current
version of the Class EA. The Class EA requires the OMNR to “develop and implement guides, policies and
scientific studies that provide direction and information to be used in forest management planning and
includes reporting requirements”.

The OMNR’s Forest Management Plans website:
(www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/STELO2_163549.html) presents an overview
of how forest management is carried out on Crown lands in Ontario. Most of the forest land that is used
for timber production in Ontario is partitioned into what are described as management units (MU) that are
managed by forest companies under Sustainable Forest License (SFL) agreements. The SFL agreements
govern many aspects of the management of the MU (e.g., harvesting and renewal) and require the
company to submit a 10-year plan that is to be “prepared in an open and consultative fashion by a
Registered Professional Forester with the assistance of a multi-disciplinary planning team and a local
citizens’ committee, as well as with input from Aboriginal communities, stakeholders and interested
members of the public”. The planning process calls for the formation of a planning team that must carry
out extensive public consultation and allow for a local citizens’ committee (LCC) to assist the planning team
and the appointment of representatives of the LCC and Aboriginal communities to the planning team.

The 10-year plan is a comprehensive plan that must include both a long-term strategic plan and a short-
term operating plan. The planning team is expected to use “long-term model projections” to investigate
the potential impact of “different levels of harvest renewal and tending...to predict the short, medium and
long-term economic, social and environmental benefits” of the proposed management strategy. The short-
term operating components of the plan must describe where forest access roads will be established and
where harvesting, renewal and tending will take place for the first two five-year periods of the plan. The
OMNR and the forest companies that manage MUs under SFLs make extensive use of computer-based
forest management decision support systems (FMDSS) to inform their planning processes.

4.1.5 The use of FMDSS for strategic forest management planning in Ontario

Forest companies that develop plans for their SFL MUs in Ontario must use a strategic forest management
planning model that has been approved by the Director of the OMNR’s Forests Branch but they are free to
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supplement their use of one or more of the approved models with models that have not been so
approved. Currently, the following models have been approved for forest management planning on Crown
land in Ontario:

1) the OMNR’s Strategic Forest Management Model (SFMM) (www.aimms.com/references/case-
studies/ontario-ministry-of-natural-resources-forestry)

2) Forest Ecosystems Solutions’ Forest Simulation
(www.forestecosystem.ca/index.html)

3) Spatial Planning Systems’ Patchworks™ (www.spatial.ca).

and Optimization System (FSOS)

The use of those FMDSS is of course supported and augmented by many other forest management
planning tools including forest growth and yield models, forest inventory data and spatial planning
database systems that are beyond the scope of this report.

The FORSYS framework classifies forest management planning problems based on their spatial scale,
temporal scale, spatial context, objectives, parties involved and goods and services considered. Table 1
describes the four most common categories of planning problems associated with forest management in
Canada with respect to the FORSYS attributes.

4.2 Materials and methods

Forest management planning decision support systems (FMDSS) are used throughout the forest
management hierarchy from high-level strategic policy development and evaluation initiatives to use of
on-board computers to determine optimal bucking patterns. Unfortunately, most use is not well
documented in the open literature for many reasons, including: 1) government analysts are not always
able to share the results of detailed quantitative analyses of the alternatives they evaluate in the course of
developing new policy initiatives 2) private sector companies are understandably reluctant to share the
results of such analyses for competitive reasons and 3) the analysts involved seldom have the time or
resources to publish their work in the peer reviewed literature. However, most forest land in Canada is
publicly owned and all Canadian governments ascribe to the CCFM C&I for SFM which call for extensive
public consultation on the development and approval of strategic forest plans for forest management units
or what forest management planners commonly call estates. We have therefore chosen to focus our
review of the use of FMDSS in Canada on such problems.

Table 1. The four most common types of Canadian forest management planning problems characterized
with respect to the FORSYS problem type attributes.

Problem FORSYS problem type attributes Comments

Provincial policy Regional level Provincial governments use FMDSS to

analysis Strategic inform policy development. For
Non-spatial example, several provincial

Multiple objectives
Multiple stakeholders
Multiple goods and services

governments have recently or are
currently exploring the development
of new forest tenure systems.

Strategic non-spatial
plan for a forest
management unit

Forest level
Strategic
Non-spatial

Forest companies that are granted
tenure must periodically (every 5 or
10 years) prepare and submit plans
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Multiple objectives
Multiple stakeholders
Multiple goods and services

for provincial government approval
and/or forest certification purposes
over rolling planning horizons.

Strategic spatial plan
for a forest
management unit

Forest level

Strategic

Spatial

Multiple objectives
Multiple stakeholders
Multiple goods and services

Some agencies now stipulate that
some spatial detail be included in
their strategic plans.

Spatial harvest
operating plans

Forest level
Operational

Spatial

Multiple objectives
Multiple stakeholders

Forest companies must develop
spatially explicit plans that are linked
with or embedded in their strategic
plans, that specify when and where
they will construct forest access roads

Market wood products and carry out harvesting and
silviculture activities during the first
few (typically 5 or 10) years of their
planning horizon.

Given the size of Canada (9,984,670 km?), the number of political jurisdictions (the federal government, 10
provinces and three territories), the size of its forests (418 million ha), their biodiversity (11 forested
ecozones), ownership (public and private), use (e.g., production of timber and non-timber products and
protection) and the many stakeholders (e.g., the public, companies, environmental NGOs and First
Nations) that shape how Canada’s forests are managed and used, it’s not surprising that there is no
comprehensive documentation of the development and use of the many FMDSS that are used to help
determine how Canada’s forests should be managed.

Our primary objective was to provide our readers with an overview of the development and use of forest
management decision support systems (FMDSS) in Canada. We had neither the desire nor the ability (see
below) to catalogue and describe all of the many FMDSS that have been developed and used in Canada.
Our aim was to focus instead, on FMDSS that are widely used on an ongoing basis, the best examples of
which are the strategic forest-level planning models that are used by most provincial governments. Our
initial intent was to describe only FMDSS that had been implemented, but we very quickly realized that it
would not be possible for us to validate the extent to which many FMDSS have been truly implemented so
we included in our report, descriptions and discussions of some FMDSS that have or appear to have been
used by at least one decision-maker or organization. Our selection of FMDSS to cover in that way was
guided primarily by our personal knowledge of what FMDSS have been developed and/or used, what we
discovered in the course of preparing this report, and our desire to highlight FMDSS needs that are
representative of the breadth and scope of Canada’s FMDSS needs.

We used an unstructured multi-faceted approach to compile information on the development and
implementation of FMDSS in Canada. Both of us have been involved in many aspects of forest
management and the development and use of FMDSS in Canada for more than 30 years. We have carried
out research, taught forestry professionals and others, participated in government advisory groups,
evaluated research grant proposals, refereed journal manuscripts, attended conferences and seminars
focused on FMDSS applications in forestry and studied and contributed to the forest management planning
research literature. Given our backgrounds we are reasonably knowledgeable about what FMDSS are used
by most Canadian government agencies, but since we are both academics and most companies do not
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discuss their FMDSS initiatives publicly, we are much less familiar with the development and use of FMDSS
by forest companies.

We began by preparing an itemized list of FMDSS developments and uses based on our experience and
then enhanced our knowledge by 1) contacting government and forest industry representatives we knew
would be familiar with the FMDSS used in their organizations 2) contacting representatives of a small
number of consulting companies that we knew were engaged in the development and use of FMDSS in
Canada and 3) engaging a research assistant who used internet resources to compile information on the
many Canadian government agencies that are responsible for the administration of Crown land. We also
made extensive use of internet search engines to find peer-reviewed and other publications that describe
the development and/or use of FMDSS in Canada.

4.3 Results

FMDSS are used by many organizations for many purposes in the Canadian forest sector. Since most of the
forest land in Canada is publicly owned Crown land that is administered by provincial and territorial
governments we decided to begin by describing what FMDSS are used for strategic timber supply analysis.
We then describe several FMDSS that have been used in different parts of Canada. Since there are many
small companies that provide forest management planning services to both small and large clients, we
then provide a brief overview of that sector of the Canadian forest sector, and illustrate how those
companies perform by describing one of the many companies in that sector. We then describe the FMDSS
that have been developed by FPInnovations, a large forest research organization and two FMDSS
developed and used within the academic community.

43.1 Use of FMDSS for strategic timber supply analysis on Crown forest land in Canada

FMDSS methods have a long history of use for strategic analysis of timber supply in Canada (Canadian
Council of Forest Ministers 2005). A particularly vivid recent example is the report of the New Brunswick
Task Force on Forest Diversity and Wood Supply, chaired by Thom Erdle (Erdle and Ward 2008). The task
force carried out a quite detailed analysis of diverse strategic alternatives. Part 3 of the report gives a
discussion of how analytic techniques were used to shed insight on these alternatives. Although not stated
explicitly, much of the analysis was carried out using Woodstock™-based linear programming models. This
work forms part of an active public debate, which is still ongoing as New Brunswick continues to develop
its forest strategy (see http://www2.gnb.ca/content/dam/gnb/Departments/nr-
rn/pdf/en/CrownLandsForests/Erdle/ErdleReport-e.pdf).

Canada’s forest land is managed by one federal, 10 provincial and three territorial governments and many
companies and individual land owners that are responsible for their privately owned land under a diverse
array of policies and procedures using many different decision support systems. We chose not to report on
the use of FMDSS by private land owners because it would be very difficult to determine who uses what
and because such a small portion of the forested land is managed by such individuals. We provide an
overview of the use of FMDSS for tactical and operational planning by forest companies below, keeping in
mind that most companies have neither the desire nor the resources to share what they do outside their
organizations.

Most of Canada’s forest management planning efforts are directed towards strategic planning of the
management of Crown land. The federal provincial and territorial governments are ultimately responsible
for the stewardship of such land, but much of that land is managed in collaboration with forest companies.
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The policies and procedures, the roles of the many players involved and the FMDSS that are used vary
across the country and over time. Fortunately, Canada’s National Forestry Database Program’s Technical
Subcommittee on Reporting Wood Supply compiled a comprehensive overview of the policies, procedures
and methods that are used to carry out strategic timber supply analysis in each jurisdiction (Canadian
Council of Forest Ministers 2005). Table 2 is based on that report which in the words of its authors provides
“an overview, by jurisdiction, of the wood supply situation in Canada. It includes the history of wood
supply estimation and regulation, the current inventory situation, analysis methods, and issues that
influence wood supply determinations.” They point out that “across the country there is a high degree of
consistency in policies, administrative procedures, and technical approaches in the regulation of harvest
levels and forecasting of wood supply on provincial lands. However, there is considerable variability in the
details of the ways these policies are applied.” Column 2 of Table 2 which shows what FMDSS was used to
provide wood supply estimates by province and territory is based on the contents of that report. We
encourage interested readers to study CCFM (2005) which addresses the use of FMDSS for timber supply
analysis on Crown land in Canada in far more detail than we can provide in this chapter. Please note
however, that both CCFM (2005) and Table 2 are national ‘snapshots’ of what Canadian government
agencies used to produce the 2005 timber supply analysis and do not necessarily reflect the current use of
FMDSS in Canada, which is better reflected in Table 3 in the Appendix.
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Table 2. Summary description of the FMDSS that were used to produce Canada’s 2005 national timber
supply analysis, excerpted from CCFM (2005).

Jurisdiction FMDSS used for 2005 wood supply analysis

British Columbia A variety of models used

Alberta Woodstock/Stanley™ suite of tools and Patchworks™

Saskatchewan FORMAN, COMPLAN and Mistik Forest Management Model.

Manitoba Woodstock/Stanley™ suite of tools and modified version of Von Mantel’s
method

Ontario Strategic Forest Management Model (SFMM)

Quebec SYLVA Il simulation model

New Brunswick Woodstock™ forest-level timber supply model

Nova Scotia SAWS simulation model to forecast wood supply for an 80 year planning
horizon.

Prince Edward Woodstock™ wood supply model

Island

Newfoundland Woodstock™ wood supply model to compute AAC for each district by
owner.

Stanley™ use to produce spatial harvest schedules.

Yukon Territory Woodstock™, Spatial Woodstock™ and Stanley™
Northwest Woodstock™
Territories
4.3.2 An overview of selected FMDSS that are used for forest management planning in Canada

In this section we present a brief overview of five of the FMDSS that are used in Canada. This list is by no
means exhaustive but includes the FMDSS that are used on much of Canada’s forest land.

433 Forest Simulation and Optimization System (FSOS)

FSOS, which was developed by Forest Ecosystem Solutions Limited (www.forestecosystem.ca), is a forest
planning system that can link strategic, tactical and operational planning levels. It can operate in non-
spatial and spatially explicit modes, with the distinct advantage of being able to model tactical harvest
units and their sequencing simultaneously within long-term timber-supply projections. It considers not
only traditional forest values but it also tracks all forest stands over time and identifies the contribution of
those stands to the management unit's social, economic and environmental objectives. It uses meta-
heuristics to solve spatially explicit forest management planning problems.

4.3.4 PatchworksTM

Patchworks™ is a spatially explicit FMDSS that was developed and is distributed by Spatial Planning
Systems (www.spatial.ca) which is located in Deep River, Ontario. Tom Moore of Spatial Planning Systems
describes Patchworks™ as a spatially explicit planning system that uses operational planning-level detail
(GIS data) over long strategic planning horizons (typically up to 200 years). It can be used to generate
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operational level harvest schedules that are economically efficient and fully compliant with long-term
sustainability goals. Spatial features that can be addressed using Patchworks™™ include opening sizes and
adjacencies, residual patch layouts, transportation logistics, road construction scheduling, and roadless
area design (e.g. triad management). Patchworks'™ uses stochastic meta-heuristics to generate good
solutions to large intractable problems. A goal programming formulation is used to allow multiple
objectives to be considered simultaneously and to allow the exploration of trade-offs between various
spatial and aspatial goals. The Patchworks™ model has graphical user interface ‘wizards’ that can be used
to configure modelling options such as targets, maps, reports and solver options. Advanced users can also
use a scripting language that fully exposes the Patchworks™ and Java API. The Patchworks™ system also
includes translators to import modelling problems from other aspatial planning models.

Patchworks™ is used across Canada by government agencies, forest companies and consulting firms. Most
of the government clients are the analysis departments of natural resource management agencies, where
Patchworks™ is used for policy analysis and in support of sustainable development plans. Industrial
customers are typically large multinational firms that are managing one or more large forest estates of
500,000 to several million hectares in size.

4.3.5 SELES

The Spatially Explicit Landscape Event Simulator (SELES) is a raster-based simulation modelling
environment that can be used to develop cellular automata, natural disturbance, habitat suitability and
population models (Fall and Fall 2001). It was originally developed at Simon Fraser University and has been
used extensively in British Columbia (BC) to support land-use planning exercises, timber supply projections
for allowable annual cut determination, habitat supply projections and with great effect in projecting the
population dynamics and provincial forest impacts of the mountain pine beetle. SELES has also been used
across Canada and internationally for projects ranging from habitat connectivity, wetland/forest dynamics,
sustainable forest management planning, national parks planning, and forest restoration. As a modelling
environment, SELES gives the modeller the ability to adopt a modular approach using landscape events
developed by others to improve the understanding of the system under examination and the interactions
between components of the system.

A generic spatial timber supply model (STSM) captures the traditional components of an FMDSS, namely
succession, growth, harvesting and reporting as separate landscape events. While SELES is a freely
available compiled program, the STSM and other models built with SELES are generally open-source, and a
community of users has developed (www.seles.info) to promote model sharing and collaboration.

4.3.6 Strategic Forest Management Model (SFMM)

Ontario’s Strategic Forest Management Model (SFMM) is an aspatial strategic FMDSS that is used
extensively for forest management planning in Ontario. SFMM is based on Reed and Errico’s (1986) linear
programming formulation of the network representation of a forest in which one can readily incorporate
estimates of fire losses and other uncertain natural disturbance processes. It is a variant of what Johnson
and Scheurman (1977) referred to as model I, and what some now refer to as a model Ill form of a forest
estate linear programming model. Forest stands are aggregated into aspatial analysis units that are
relatively homogeneous with respect to cover type, growth and yield and silvicultural regime. Solutions
indicate how much of each analysis unit to harvest during each period to maximize some objective (e.g.,
volume maximization) subject to specified (e.g., harvest flow) constraints. The first version of SFMM was
developed by R.G. Davis of the OMNR (Davis 1999) who drew upon and extended his M.Sc.F. thesis
research (Davis 1991), which is described in Davis and Martell (1993). The original version of SFMM has
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since been revised and enhanced many times (see for example, Ontario Ministry of Natural Resources
2007) and is now implemented using the AIMMS modelling language/system
(www.aimms.com/references/case-studies/ontario-ministry-of-natural-resources-forestry).

4.3.7 Woodstock™

The Woodstock Optimization System from Remsoft Inc. (www.remsoft.com), is a widely used suite of
software for building forest management planning models. Woodstock™ provides the user the ability to
model a variety of landscape themes with various development types, and to explore how these evolve
under various treatment actions given quite general yield functions. The technical details of the original
Woodstock™ were outlined in Walters (1993). Woodstock™ can operate in either a variety of simulation
modes or as a linear programming model with quite general objective functions. The original linear
programming model used a Model Il framework, so that Woodstock™ was primarily an aspatial model. An
accompanying package, Stanley’™, enabled the users to carry out spatial analysis following initial
Woodstock™ runs (Walters et al. 1999). Over time, Woodstock™ has come to include GIS capabilities as
part of data management and output display. The introduction of a Model | framework in 2007 enabled
levels of spatial resolution as desired by the user. A range of heuristics, mapping, graphing and reporting
functions are provided to help with planning and communicating plans. Woodstock™ is not itself a
decision support system; it is a modelling system. However, it is a key part of many decision support
systems. All of the Canadian Provinces, except PEl, use Woodstock™ as part of their analysis capabilities as
do many large commercial companies.

4.3.8 Private Canadian company involvement in forest management planning in Canada

There are many companies involved in the Canadian forest sector, and they range from very small
companies that provide forest management consulting services to small private landowners and others to
large corporations with operations in both Canada and abroad. Some make little or no use of what most
observers consider to be modern computer-based FMDSS, many develop and/or support basic software
that supports the administrative needs of companies, while others develop and or use complex FMDSS to
address their clients’ needs. The Canadian Forests Website (www.canadian-forests.com), which is a private
initiative developed by two individuals, one of whom is an editor and another who is a forestry consultant,
describes itself as “the foremost website on forests and forestry in Canada. It provides quick access to all
the internet sites of the federal and provincial governments, the forest industries, service and supply
companies, associations and NGOs, consultants, education and research...and much more.” Its list of forest
sector companies is by no means complete, but as of 3 October 2011 it listed 166 consulting companies
and 34 software development companies that work in the Canadian forest sector.

One example of the many companies listed on the Canadian Forests Website is The Forestry Corp, which
describes itself as “a team of natural resource management, information technology and data
management professionals” that is based in Edmonton, Alberta. Its services include landscape modelling
(e.g., modelling stand and landscape level attribute changes over time) and strategic plan development. It
has its own in-house application development expertise and it also supports the use of FMDSS developed
by others (e.g., Patchworks™ and Woodstock™).

4.3.9 The use of FMIDSS by Canadian forest companies

Since most forest companies do not publicly document their development and use of FMDSS we decided
to report on the FMDSS developed and supported by FPInnovations, a non-profit member organization
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that carries out scientific research and technology transfer for the Canadian forest industry. FPInnovations
is one of the largest forest research centres in the world and has four divisions: 1) forest operations 2)
wood products 3) pulp and paper and 4) the Canadian wood fibre centre.

Their FPSuite FMDSS is an integrated process control platform for forestry operations which includes four
modules which can be used to help improve the efficiency and reduce the costs of many aspects of forest
operations. These modules can be used independently, in conjunction with other data streams or all
together in an inclusive process control platform. It includes: FPDat, FPCom, FPTrak and FPInterface. FPDat
is a hardware/software package that collects and analyzes data on production activities then informs the
operator and managers on performance, areas treated, productivity and real-time costs. FPCom provides
communication hardware that allows data to be collected from the machines and then provided to the
central office. FPTrak provides the capability of tracking the progress of production activities at a given site
and conducting analyses on performance, areas treated and wood flow.

FPInterface is the decision support module which provides a GIS-based spatial planning tool together with
cost and productivity predictions for harvesting, biomass, road construction and maintenance, trucking and
silviculture. Over 35 years of cost and productivity studies by FPInnovations can be used as default data
values for decision analysis, or the users can replace them with their own site-specific data. Based on this
spatial and productivity data, FPInterface allows the evaluation of alternative schedules of operations and
wood flow control. Modules include Operational Planning for sequencing forest activities and crews
together with wood flow allocation to mills. The BIOS module produces estimates of biomass recoverable
volumes by product type, recovery costs and energy balances. The Value Chain module, based on
FPInnovations sawmill optimization software, allows the estimation of costs and income that can be
generated from a cut block. The MaxTour module enables the improvement of transport efficiency by
calculating how to combine loads to reduce empty trips and optimize backhaul opportunities. The
Reforestation module helps calculate the net costs, present and ongoing, of the silvicultural work needed
to maintain and improve the productivity of forest stands.

4.3.10 Two FMDSS that were developed and are used within the academic community

Many FMDSS have been developed within the Canadian academic community in response to needs
expressed by forest companies and government agencies and/or what academics and their students
perceive to be important decision-making problems and FMDSS needs to which they could apply their
knowledge and expertise. It would have been very difficult for us to compile a comprehensive list of such
FMDSS, but more importantly, it would have been impossible for us to document the extent to which they
have actually been implemented and contributed to enhancing forest management practices in Canada.
We chose instead to select two FMDSS developed by academics and have been used by others, of which
we have been aware for many years. One (FPS-ATLAS) has been used primarily by companies operating in
western Canada and the other (SBWDSS), has been used primarily by governments in eastern Canada.
Neither is necessarily the best or the most widely used FMDSS that has emerged from academia but both
have been well documented in the peer reviewed literature.

Forest Planning Studio (FPS-ATLAS) is a forest-level harvest simulation model that was developed by John
Nelson in the Faculty of Forestry at the University of British Columbia. Nelson (personal communication
2011) describes FPS-ATLAS as being spatially explicit with respect to forest stands (polygons) and road
networks. It was designed and can be used to schedule harvests according to a range of spatial and
temporal objectives including policies that pertain to harvest flow, cut block opening size, riparian buffers,
seral stage distributions and patch size distributions. Silviculture systems, rotation ages and stand growth
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and yield are assigned to each polygon. At each time step, polygons are first ranked according to a cutting
priority (e.g., oldest first). Polygons are then harvested from this queue subject to constraints designed to
meet forest level objectives (e.g., opening size and seral stage targets). Polygons are harvested until either
a constraint becomes binding, the queue is exhausted or the periodic harvest target is met. At this stage
the forest is aged to the next time period and the process is repeated. At each time period, the model
reports the status of every polygon in the forest estate. These periodic inventories can be quickly displayed
with a map viewer to assess harvest patterns and/or exported to other landscape models. Road
construction, length of active road, and other indicators of road network activity related to the harvest
schedule are also reported. Harvest priorities, constraints and stand and forest-level attributes are stored
in a MS Access database. FPS-ATLAS provides an interface for editing the database, a module for simulating
harvests plus a suite of reporting modules for growing stock, age classes and landscape metrics.

Although FPS-ATLAS has been primarily used for education and research, it has also been used by forest
consultants in the technical analyses of harvest levels used to support annual allowable cut decisions in
British Columbia. This includes large scale Timber Supply Areas, Tree Farm Licenses and smaller Community
Forest Agreements. The model has also been used in Australia and China to help determine annual
allowable cuts and growing stock levels. Research applications of FPS-ATLAS include comprehensive
decision support systems for forest management planning (Seely et al. 2004) and analysis of forest road
networks (Anderson et al. 2006).

The crisis atmosphere that results from significant natural disturbance can lead to the development of
significant decision support systems. A major spruce budworm outbreak in New Brunswick which began in
the 1950s, became the impetus for some considerable decision analysis work. The major decision,
involving strategies for spraying various forms of insecticide, drew the attention of the International
Institute for Applied Systems Analysis (IIASA) (see Holling et al. 1975). Although this work gave some policy
insight, actual decision support required the development of the Spruce Budworm Decision Support
System (SBWDSS) which was developed by Dave Maclean and his colleagues at the University of New
Brunswick. Maclean (personal communication 2011) describes the SBWDSS as being designed to be used
for both strategic planning (to infer potential timber supply/harvest level losses associated with alternative
forest/budworm management strategies and tactics) and operational budworm insecticide spray planning
(determining the highest loss areas and therefore higher priority areas for spraying) purposes. The SBWDSS
consists of a Woodstock™-based wood supply model and a simulation model (PROPS) which gives the
volume losses under a given spray program. The models are used iteratively and the change in wood
supply gives the benefits/losses due to the adoption of a particular spray program. SWBDSS has been used
for operational planning purposes in the province of Saskatchewan and for strategic planning purposes in
New Brunswick. It has also been used for research purposes, primarily in the province of Quebec. The
SBWDSS and its use are described in a number of publications including MacLean et al. (2001) which
describes its structure and MacLean et al. (2002) which describes its use for strategic planning purposes in
New Brunswick. Dymond et al. (2010) documents how it was used for research purposes in the province of
Quebec.

In Nova Scotia, the crisis elicited a different response. Public opinion in Nova Scotia was opposed to
spraying and none occurred, with the result that approximately 70% of the softwood volume on Cape
Breton Island, the part of Nova Scotia most severely affected, was destroyed. However, even on the
mainland, losses as high as 20% of volume occurred. In order to develop a strategy for using intensive
silviculture to make up for this lost wood supply, the Nova Scotia Department of Natural Resources
developed the Strategic Analysis of Wood Supply (SAWS) Model. This model, the development of which
began in the 1980s as a mainframe-based, aspatial, highly aggregated model, focuses on site quality,
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stocking, diameter and height, using a broad variety of forest growth research in the Department. It
continued to develop until about 2005 into a detailed model, with all stands spatially represented in a full
GIS implementation and the ability to examine a variety of silvicultural policies (see Canadian Council of
Forest Ministers 2005, for a brief description). The development of DSS in response to the crisis of natural
disturbance continues. The mountain beetle in British Columbia presents a current example (see Shore and
Safranyik 2003). The website at www.for.gov.bc.ca/hre/topics/mpb.htm serves to remind us that not all
decision support consists of explicit operations research models. Although some explicit models are to be
found there, much of the decision support consists of bringing together a massive amount of knowledge
and analysis from a broad variety of disciplines.

4.3.11 Knowledge management

Canadian forest managers utilize a diverse array of knowledge management systems to support their
forest management planning processes. Traditional forest resource inventories that have long served the
needs of forest management planners are now maintained on digital spatial database platforms. The need
to predict forest growth and yield over time is addressed by the development and maintenance of forest
growth and yield systems that are supported by field sampling methods that vary from jurisdiction to
jurisdiction.

Forest management planning on Crown land in Canada involves many stakeholders including government
and company representatives, and it must be carried out in such a way that representatives of local
communities, First Nations and non-governmental organizations and others can become involved in
meaningful ways. Those participants need to generate and share enormous amounts of data, plans and
reports, some of which are confidential to selected groups or individuals, and some of which must be
widely available.

Some forest management communities have responded to such needs by developing information portals
to facilitate the collection, storage and distribution of such forest management-related knowledge. One
such example is the Ontario Ministry of Natural Resources’ Forest Information Portal which is used to
support the exchange of forest information between the Ministry of Natural Resources (MNR) and the
forest industry in Ontario. The OMNR uses it to provide data and information to the forest industry and
forest companies in turn use it to submit data and information to the OMNR. Examples of the type of data
that is exchanged through the portal include forest inventory, forest values, topographical base features,
forest operations reports, harvest volumes, maps and other forest management planning information (see
http://forest.Irc.gov.on.ca/fiportal/go).

Many Canadian provinces have made considerable investment in gathering research knowledge on
their forests. Some of this knowledge becomes encoded in software that can be used for decision
support purposes. For example, the province of Nova Scotia has maintained a system of 3,250
randomly located inventory permanent sample plots (PSP). Of these, 1,700 have been re-measured
every five years since 1965. The remainder were established in 1996. The measurement methods
are documented in MacPhee and McGrath (2006). The province also maintains a system of research
PSP in managed stands. Data from these plots serve as the basis of research reports in the
Department (see www.gov.ns.ca/natr/library/publications/forestry-research.asp#research). This
growth research is encoded in a publicly available decision support software, the NS Growth and
Yield model (MacPhee and McGrath 2006) which landowners can download to do their own
analysis of growth potential of their forest. Many Canadian provinces have models that encapsulate
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a large body of research and describe the development of their forests, either in the form of growth
and yield models like Nova Scotia, or other forms of yield curves that are incorporated in their
strategic management models. The productivity and cost information found in the FPInnovations
Interface package, discussed earlier, is yet another example of this phenomenon, albeit from the
private sector.

4.4 Discussion and conclusions

Canada was an early leader in the use of Operational Research (OR) methods to develop FMDSS. Paull’s
(1956) article entitled “Linear programming: A key to optimum newsprint production”, that appeared in
the January 1956 issue of the Pulp and Paper Magazine of Canada, appears to have been one of, if not the
first published descriptions of an application of OR to forestry.

The use of strategic analysis models has become well established in the provincial departments of natural
resources. This doesn’t mean there is not a need for continued developments. One major issue is finding
ways to deal with the uncertainties related to natural disturbance processes. The large areas of forested
land in Canada mean that it isn’t easy to control or counteract these events. Fire can be very difficult to
control because of lack of road access and natural fire barriers. This means that fire events can be large
both in terms of area and standing volume impacts. When insect events occur, such as the budworm or
mountain pine beetle outbreaks, their effects can be substantial. How to deal with such large events that
occur stochastically in the context of forest strategy remains an open question.

Until recently, provincial governments took the view that it was up to them to ensure the sustainability of
the resource and up to the companies to deal with corporate strategy and the resulting investments in
capacity. However, the importance of linking forest strategy and industry capacity is becoming increasingly
clear. In many jurisdictions, the sustainable yields of the current strategies do not correspond to the
requirements of the industry capacity either in terms of wood type (species, dimension, quality) or
location. This will be exacerbated as changes from traditional products such as newsprint or commodity
lumber change the nature of the wood type mix required for a changing industry. Economies of scale tend
to favour large plants. Transportation costs require harvesting on locations near plants or different systems
of material acquisition and distribution. How do these issues affect how we manage forests? The notion of
a constant uniformly distributed supply may be open to question. Since nothing else on the landscape
(protected areas, ecodistricts, watersheds) is either constant or uniform, this may raise substantial policy
questions?

The CCFM’s definition of sustainable forest management calls for the maintenance of the
representativeness of forest ecosystems and the species diversity that has characterized Canadian forests.
This can make management more complex. For example, although their forests are completely different
otherwise, both Nova Scotia (NS) and coastal British Columbia (BC) have forests with a large variety of
significant species (six significant softwood species and six significant hardwood species plus a host of
minor species in NS; coastal BC has seven major softwood species that make up its old growth forests) and
quality types. Most other countries manage only a few major species, and often in a plantation context.
What does it mean when the total supply of wood is adequate for industry needs but limited markets exist
for certain species/quality types? If we extend this to managing for other criteria for sustainable forest
management, how do we model the requirements for “maintaining and enhancing ecosystem condition”
for watershed condition among others? In particular, how do we model the effects of tenure and the
ability to accept society’s responsibility for sustainable management?
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We know many government agencies have used FMDSS to assist with the development and evaluation of
policy alternatives and we know that some forest companies also carry out their own strategic analyses.
Under both certification and SFM commitments, land managers are committed to consult with their
stakeholder communities. Often the black box nature of FMDSS tools precludes the public from
participating fully in the discussion. However, modern graphical and GIS analysis capabilities facilitate the
communication of complex spatial and temporal information. The importance of, and the need to engage
the public in, forest management planning is widely accepted across the Canadian forest sector and there
is ample evidence, both in legislation and in practice, that most of the organizations engaged in the
management of Canadian forest land go to great lengths to actively involve the public in their
deliberations. However, beyond the use of internet resources and digital mapping software, it is not clear
that FMDSS are being used to enhance public involvement in forest management planning, in spite of the
advances in computer hardware, software and graphics capabilities. The opportunities for the general
public and NGOs to exploit the advances in FMDSS remain to be realized.

Since the 1970s, there has been a steady increase in tension between forest resource use such as
recreation, wildlife habitat and biodiversity and industrial timber production. The advances in FMDSS have
given practitioners and decision-makers the ability and opportunity to project the interactions to support
sound forest management decision-making. A relatively new but increasingly important forest
management issue is forest carbon management, and some of the FMDSS we described above have been
used to address this issue. As governments and other players in the forest sector grapple with climate
change scenarios, the desire to capitalize both financially and environmentally through efficient carbon
management is a new and potentially important use of FMDSS which can portray forest resources and
virtualize the sustainable development of the complete forest resource.

We found it very difficult to document the extent to which FMDSS are used by Canadian forest companies
and impossible to determine the extent to which it has or has not enhanced forest management within
Canada’s forest sector. We are well aware that as academics, it would be very difficult for us to access this
information, since the interaction between industry and the academic community does not occur to the
same extent in Canada that it does in some other countries. However, we do not believe that Canadian
forest companies have fully exploited the potential benefits of using computer-based FMDSS to enhance
their performance. In countries such as Sweden, Finland, Chile and Brazil, our academic colleagues and
some of their industrial partners often participate in international conferences and publish their research
and document the implementation of their research in international journals. In response to this concern,
the federal government, in cooperation with FPInnovations have launched a series of strategic research
networks (see http://forest-foret.nserc-crsng.gc.ca/Index eng.asp). One of these, the Value Chain
Optimization Network (www.reseauvco.ca/en/) was established to develop the tools and approaches that
will facilitate greater industry DSS usage.

As we noted above, the Canadian forest community is deeply committed to SFM and the use of the Criteria
and Indicators of Sustainable Forest Management (C&l) to provide science-based measures of the extent
to which it is being achieved. The development and use of FMDSS can and does impact the C&I. Ultimately,
the value of FMDSS should be measured by the extent to which they enhance SFM as measured by these
C&I. At present no such assessment is possible. One of our hopes is that those that develop and use FMDSS
will accept our challenge to document not only their FMDSS development and use but also, the measures
that demonstrate the extent to which they contribute to enhancing SFM.
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Appendix

Table 3. Selective list of some of the forest management decision support systems that are currently used in Canada.

FMDSS Description/use Further Information Some of the places
where it is known to
be used

CBM-CFS3 Operational-scale carbon budget model  http://cfs.nrcan.gc.ca/pages/94 MB

of the Canadian forest sector
COMPLAN Spatial tactical and operational planning  www.srd.alberta.ca/LandsForests/ForestManagement/For AB
estManagementPlans/documents/CanadianForestProduct
s/RTSA Appendix 3.pdf
FSSam Forest Service spatial analysis model British Columbia Ministry of Forests, Lands and Natural BC
Resource Operations
www.gov.bc.ca/for/

FPS-Atlas Forest Planning Studio www.forestry.ubc.ca/atlas-simfor/atlas/about.html BC

forest-level harvest simulation model

FSOS Forest Simulation and Optimization www.forestecosystem.ca BC

System
LEAPII Landscape Pattern Analysis Package |l WWW.mnr.gov.on.ca ON
NDPEGTool Natural Disturbance Pattern Emulation www.mnr.gov.on.ca ON
Tool

OWHAM Ontario Wildlife Habitat Analysis Model www.mnr.gov.on.ca ON

OMA2 Ontario Marten Analyst WWW.Mmnr.gov.on.ca ON

Patch Spatial analysis of landscape patches www.mnr.gov.on.ca ON
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FMDSS Description/use Further Information Some of the places
where it is known to
be used

Analyst

Patchworks Spatial Strategic forest management www.spatial.ca BC, AB, SK, MB, ON,

planning QB

SAWS Strategic Analysis of Wood Supply Nova Scotia Department of Natural Resources. NS

Analyze silvicultural policy Use is being phased out
SEIM Socio-Economic Impact Model WWW.Mmnr.gov.on.ca ON
SELES Spatially Explicit Landscape Event www.seles.info/index.php/Main_Page BC
Simulator

SFMM Strategic forest management planning WWW.Mmnr.gov.on.ca ON

Silvacom Forest management planning www.silvacom.com SK

suite

SIMFOR Project general trends in selected www.forestry.ubc.ca/simfor/ BC

indicators of forest structure and
function through space and time

TSM Forest management planning www.tesera.com AB

Woodstock Forest management planning www.remsoft.com BC, AB, SK, MB, ON,

Optimization QB, NB, NS, NF, NWT,

System YK
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5 The Design and Use of Forest Decision Support Systems in Chile
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5.1 Introduction

Chile has 15.9 million ha of forest (about a fifth of the total land area), with forests accounting for 84.9%
(13.6 million ha) and forest plantations amounting to 15.1% (2.3 million ha). Approximately one third of
the native forests, 14.1 million ha, are in protected areas of the country.

Industrial wood consumption has increased more than nine times over the past 33 years, from 4 million m?
in 1975 to more than 39 million m® at present. Forest plantations account for 98% of this supply, with
native forests providing only 2% of the industrial timber harvesting. Approximately 35% of industrial wood
production is processed by the sawmilling sector, while 39% is destined for pulp mills. The rest of the
production is primarily used for chip production (13%) and wood panels, both structural and non-structural
(8%).

The Radiata Pine has been the preferred species for planting in Chile. It currently covers more than 63% of
the planted area. There is, however, growing interest in a species of more rapid development, such as the
eucalyptus. The production of eucalyptus wood is predicted to increase from the 12 million m® of today to
a harvest of approximately 14.8 million m? by the year 2025. Native forests contribute only very marginally
to the supply of the wood industry since their main use is for firewood.

The majority of the plantations in Chile are private property. Large companies (holding more than 5,000 ha
of plantings) represent about 64% of the total of the forest plantations, with the rest in the hands of
medium and small-sized companies. About 30% of the native forests are state-owned and lie in protected
wild areas. The rest is in private hands belonging mainly to medium-sized or small holdings. About half of
the native forests in private hands fall in the category of legal protection whose function is to protect
fragile soils and waterways, and there can be no production interventions on these lands.

The level of Chilean production of logs, cellulose, and panels places Chile in sixth place in the world,
although far from forested countries such as the United States, Russia, Canada, Sweden, and Finland. 67%
of plantations have certificates (PEFC, FSC) accrediting their sustainable management of forest resources,
which makes Chile one of the nations of the world with the highest proportion of certified production
forests.

Chile’s forestry industry has experienced dynamic growth during the past 30 years. With approximately 40
million m? production from plantations in the year 2010, and expectations to increase this figure to over 47
million m? by 2025, Chile is poised to be a significant global supplier of forest products. The Chilean
forestry sector is among the major contributors to GDP and exportation, placed after mining but above the
sectors of fish, fruit, wine and other important items.

In 2009, the export of forest products was recorded at $4,162,000 US dollars, a figure which indicates that
the forestry sector is the second generator of currency in the country. It should be noted that the rate of
average annual growth of forest exports between 2000 and 2009 amounted to 5.8%, including the
economic crisis of the last year of that decade, and, considered without the crisis, grew to 10.7% between
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the years 1999 and 2008, which is explained primarily by the expansion of the capacity to produce
cellulose.

The growing trajectories in forest production were made possible by the high rates of forestation in the
past, which grew until the year 2005 when they reverted lower (by nearly 50,000 to 25,000 ha per year).
The activity indicators point to a growth of 1.9% per annum in the 1980s, 1.4% in the 1990s, and 0.4% in
the most recent decade. The growth of the Chilean forestry industry in the last three decades has been
dependent upon the development of external markets. Since 1990, the export value of forest products has
increased significantly to reach $4,162,000 US dollars in 2009, equivalent to 8% of the country’s total
exports. The value of forest product exports peaked in 2008 at $5,452,000 US dollars due to high world
prices for remanufacturing, panels and veneer, paper and cardboard, pulpwood and cellulose, and then
declined due to the global economic crisis.

The Chilean forest industry produces a wide range of wood products, mainly from pine and eucalyptus
plantations. Its backbone is composed of important forestry companies, cellulose, sawlogs and panels, etc.
These products are capital and technology-intensive, and have developed capabilities to compete
successfully in demanding international markets. Around them, and forming part of their added value, a
wide range of suppliers and services has developed.

The timber sector is characterized by the existence of a great number of small sawmills, many owners, and
an ample spatial distribution. However, there is a high concentration of production capacity in a few
companies that have the technology and the scale to compete abroad. Among them are the sawmills
Aserraderos Arauco S.A., CMPC Maderas S.A., and Masisa.

The fibreboard and panel industry has experienced significant growth over the last decade. Plants have
been modernized, facilities have been expanded, and new investments have been made in this sector,
particularly in panels of plywood. The main producers are Masisa, Panels Arauco, CMPC Wood, and
Louisiana Pacific.

The pulp and paper industries are well developed and produce chemical and mechanical pulp, paper for
newspapers, and other papers (printing, facial, corrugated and cartons). The production of cellulose is
concentrated in two large companies: Celulosa Arauco, with a production of 2.8 million tons/year, and
CMPC, with 2.5 million tons/year.

In addition to these primary processors there is an established base of secondary manufacturers who
produce a wide range of value-added products. Some of these products include: moldings, doors,
windows, various remanufactures, parts and pieces of furniture, finished furniture, and a large variety of
wood products.

It is pertinent to note that developed forestry countries manage export levels well above ours per m>
harvested. The generation of value, measured in export earnings for timber harvested (US S/ms) for the
year 2007 is 112 in Chile, 163 in Canada, 272 in Sweden and 331 in Finland. These differences are explained
by the value-added products of these countries.

A process of internationalization, carried out with other Latin American countries was started by Chilean
forestry companies in the 1990s. The Arauco Group has a large investment portfolio in Argentina, Brazil,
and Uruguay. CMPC Holding, meanwhile, has invested heavily in its tissue business in Argentina, Mexico,
Brazil, Peru, Uruguay, Colombia and Ecuador. In Argentina it also has a plant for wood and paper bags. In
Brazil, its investment is in forests, and CMPC also has a pulp and paper mill. The company Masisa has a
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presence in different Latin American countries. In Argentina, Venezuela and Brazil it has forests and panel
plants, while in Mexico, Colombia, Ecuador and Peru, the company has panel plants.

In spite of the economic crisis, the process of internationalization has not slowed. It continued as CMPC,
during 2009, acquired forests and cellulose and paper plants from Fibria located in Guaiba, Brazil, which
was the largest international investment in history by a national company, and Arauco, together with Stora
Enso, bought the forests of the Spanish paper mill, Ence, in Uruguay.

Chilean forestry policy is implemented by several institutions. The main public institution is the National
Forestry Corporation (CONAF) whose role is to encourage growth and development of the productive
forestry activities of protecting and conserving forests and the forest environment. The Forest Institute
(INFOR) aims to develop the forestry industry by providing statistical and analytical resources, industrial
activities, products and markets. The National Environment Commission (CONAMA) is responsible for
environmental issues, ensuring harmonization between development and environmental conservation.
The Chilean Corporation of Wood (CORMA) is the leading association that represents the private sector of
the forest managers. There are also other significant associations, such as MUCECH (smallholders),
PYMEMD (small sawmills) and Asim (a secondary industry).

Forests, at a global level, have been the focus of public concern for many years, and of the NGOs dedicated
to the issues. The main reason is that a large part of animal and plant life is related to the existence of
forests and woods, and that the population growth and the alternative use of land in agriculture, for
livestock, infrastructure, and cities has created a decrease in the global forest area. This global trend has
been declining over the years to a steady state, although in some regions there still exists some growth or
declining imbalances.

In a cooperative effort, the larger Chilean forest companies have developed decision support systems (DSS)
with the main objective of maximizing the efficiency of their long-term decisions as well as the operational
ones. The DSS on short-term planning have been pioneering work, giving the Chilean companies leadership
in this field at the international level.

73



Table 1. Classification of forest management planning problems in Chile according to the FORSYS
dimensions.
T |

D Spatial scale Sceanl1epora Spatial context Objectives Parties involved Goods and services

1 Stand level Strategic Spatial with no  Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

2 Stand level Tactical Spatial with Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

3 Stand level Operational Spatial with Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

4 Stand level Operational Spatial with Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

5 Stand level Operational Spatial with no Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

6 Forest level Strategic Spatial with no  Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

7 Forest level Tactical Spatial with no Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

8 Stand level Operational Spatial with no  Single objective  Single decision- Market wood products
neighbourhood maker
interrelations

9 Forest level Operational Spatial with no Single objective  Single decision- Market wood products

neighbourhood
interrelations

maker

5.2

Materials and methods

To prepare the material, we worked with one high-level executive in the industry, Claudio Parada, who is a
co-author of this article. Our group at the University of Chile has been working for 20 years with the main
forest firms in Chile. These firms include the two main ones, Forestal Arauco and Mininco, which cover
about two-thirds of the total production in Chile. Claudio Parada has been one of the counterparts in this
project. We have developed different models that have been implemented in the industry as described.

The methodology used to develop the study was as follows:

e Interviews with the developers of the applications in major forestry companies in the country
e Interviews with the planners in major forestry companies in the country

e Authors’ experience in forest planning

e Website review of forestry organizations in the country (Corma, Infor)

e Review of scientific research on forest planning tools in use in the country

e Web search
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5.3 Results

The first system designed to support the decision-making that was used in the industry was a growth
simulator called ‘Radiata’, initially developed in 1989. The system predicted the amount of timber that
would be obtained in the long-run, depending on the type of forest land and other forest variables. The
system was widely used in academia, especially in the Department of Industrial Engineering at the
University of Chile, as well as in the Department of Forestry of the University, to develop theoretical
cutting work in the area of operations research.

At the beginning of the 1990s, forestry companies were associated in a consortium to develop a new
version of the Radiata system, which would be based on actual growth data contributed by the consortium
companies. This project was of major significance in its time, and was a milestone in the capability to
cooperate within the industry.

This system enabled the acquisition of relevant knowledge of the Chilean industry’s ability to predict how
the forests in the future would grow, and would be the basis for many planning efforts and optimizations
that would be undertaken in the future. It would especially support the development of optimization
models for long-term planning. The maintenance and updating of this simulator is currently rooted in each
company.

5.3.1 Development of optimization systems

In the mid-1970s, operations research developed strongly, especially in the departments of industrial
engineering of Chile’s main universities, such as the University of Chile, the Pontifical Catholic University,
and the Universities of Santiago and Concepcion. This discipline also became very strong in departments of
forest engineering, especially at the University of Chile and Austral University. This trend has consolidated
from that time until today - operations research is an important part of the curriculum in almost all Chilean
forestry engineering programmes.

In the middle of the 1970s, a high level of integration occurred between the Department of Industrial
Engineering at the University of Chile and departments of forest engineering at several universities at the
level of operations research. The development of operations research in Chile has been very strong
academically, but significant applications in industry did not appear until the late 1980s.

5.3.2 Optimization of logistics and forest operations

In 1988, forestry companies were facing an explosive growth in their activity. They were vertically
integrated companies, from the forests to the cellulose mills and sawmills. The strategy of the industry as a
whole was to position the country as a producer of long-fibre of high quality, and low cost, making it a
strong competitor of the New Zealand industry.

Chilean firms proposed a competitive strategy, where efficiency and productivity were central to grow and
make profits in the long term. In this context, several threats appeared: Chile had a very weak
infrastructure, especially in public roads and ports; the increase in the scale of the operations presented
concrete threats of congestion and low productivity that threatened the viability of the industry and its
development strategy (by way of example, the Arauco Group was building an industrial complex that
required 40 trucks per hour to operate continuously).
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In this context, the forest industry, coordinated by the Chile Foundation, developed what could be the first
DSS widely used in this industry: a system for optimizing the daily dispatch of the trucks, known as ASICAM.
This tool is built on a simulation model with deterministic rules optimizing heuristics, is built on a PC
platform, and schedules hundreds of trucks in less than five minutes. The truck fleet and the inventory at
the forest is communicated manually. The schedule for the truck fleet is available on the internet or
intranet.

The system began operating in 1989 and enabled the optimization of the use of trucks, which represented
45% of the total cost of production. The system is very successful in improving efficiency by about 20%. It is
implemented by all Chilean companies of average size and up, and has been exported to the leading
companies in Brazil, Argentina, Uruguay, Venezuela and South Africa. In the latter country, the Mondi
Forest Company won the South African Logistics Award in 1996 for improvements obtained with ASICAM.
The system was developed by a team of researchers of the Department of Industrial Engineering at the
University of Chile.

At the beginning of the 1990s, the Chilean forestry industry embarked on an effort to digitize their forest
heritage using aerial photographs and Geographic Information Systems (GIS). This development opened
the possibility of developing optimization tools that use GIS for supporting decisions with a high spatial
component. Thus, in 1991, the team at the University of Chile began the development of Planex, a
graphical tool that is powered by GIS to optimize decisions on road design and location of harvesting
machinery, strongly supporting planning essential to the harvest. This tool began to be used in 1995, and
has been very successful. Chilean industry pioneered this development, possibly motivated by the difficult
geography that its homeland presents with many hills and topological accidents. Planex is widely used in
Chile and other South American countries. Planex is also unique in its field; according to our records there
is no other product of similar characteristics used in forestry enterprises.

These developments in the optimization of decisions in the area of logistics and forest operations,
including the planning systems for the short-term that are described in the next section, have given Chilean
companies leadership at the international level which was very marked in the late 1990s. Many of these
efforts were exported or were adapted to be used in companies, particularly in Brazil and the rest of South
America. Possibly the high level of vertical integration of Brazilian companies, as well as their focus on
volume and efficiency as a development strategy (like the Chilean companies), led to the high interest in
developing this type of tool.

In 1998 the Chilean forestry companies, together with the team at the University of Chile, won the
prestigious Franz Edelman Award, given annually by the US Institute for Research Operations and
Management Science (INFORMS) for the best application in this discipline, for their development of
pioneering applications in the field of logistics and short-term planning in the Chilean forestry industry. The
recipient of this award is considered to have the world's highest distinction in decision-making system
applications.

5.3.3 Optimization of short-term planning

Thirty years ago, short-term planning was hardly studied in the academic arena. Developments were
focused on issues of long-term planning, motivated primarily by the sustainability of this activity, a subject
of major importance at that time in the northern hemisphere. Medium-term issues had also been
addressed, but not the topics of short-term planning, where the horizon is a few months or a maximum of
one year.
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The results obtained in optimizing logistics showed the advantages of operations research for the forestry
industry, and company managers were motivated to develop new innovations using such tools and
technologies. In 1989, the industry requested that the same team at the University of Chile develop a
system to optimize short-term planning, which consisted basically of optimizing decisions for the one-year
horizon that exists for intervention, such as cutting trees and giving each product a destination. At that
time, companies had developed simulation systems that predicted in great detail the products each stand
would deliver, according to the schedule of logging used. These systems defined hundreds or thousands of
products in great detail and allowed the cost estimation of thousands of schemes for logging in each stand.
Certainly an optimization system was appropriate for addressing this problem.

As a result of this development, a system appeared in 1990 known as OPTICORT, which has operated
mainly in the Arauco group. This system works with a high level of detail with regard to products and
schemes of logging fed by the logging simulators. This system has been a pioneer of its type, and the first
to operate intensively in forest product companies according to our records.

Towards the end of the 1990s, Austral University, along with CMPC, developed a system to address the
problem of defining optimal movements of forest harvesting machinery, in conjunction with forest
intervention decisions for old growth, cutting trees and the optimal allocation of products to various
clients. This system, known as Optilog, incorporates the costs of the transfer of harvesting equipment with
a temporal network of equipment movement, and composes a combination system of high complexity
used intensively by CMPC to define the work plans of the various machines in the forest, and to specify
customer orders of products.

CMPC uses the Maxben system, developed by former Austral University academics, to optimize the
allocation of the volumes produced in forest work for customer orders in the short term, in periods that
are not more than two to three days’ duration.

We would like to emphasize that the effect between information systems and systems of optimization is
closely related. In this case, the harvest simulators allowed sustaining system planning in the short term. In
the case of Planex, GIS enabled the optimization of land financing decisions.

Table 2 presents details of operational or short-term systems.

Table 2. Details of short-term systems.

ID Problem Type Computerized Tools/DSS Models and
Methods
9 - Operational (short-term DSS Name: ASICAM Heuristic based
transportation) on simulation.

- Spatial with no neighbourhood
interrelations

- Forest level

- Single decision-maker

- Single objective

- Market wood products
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ID Problem Type Computerized Tools/DSS Models and
Methods
5 - Operational (short-term DSS Name: OPTICORT Linear
harvesting) programming
- Spatial with neighbourhood
interrelations
- Stand level
- Single decision-maker
- Single objective
- Market wood products
3 - Operational (short-term) DSS Name: OPTILOG Mixed integer —
- Spatial with neighbourhood linear
interrelations Application made ‘to measure’ by Austral University ~ programming
- Stand level and developed in an integrated platform based on the
- Single decision-maker programming language Delphi on a Paradox database.
- Single objective
- Market wood products The implementation is highly oriented to give a
dynamic service to a non-expert user, in a procedure
that allows: recovering the information from the
database; configuring the parameters of the particular
instance, for example, planning the horizon of planning
and temporal resolution; validating the consistency of
all the information incorporated; activating the
restrictions on use from a predefined set of restrictions;
generating the mathematical model in a matrix format;
and requesting the resolution of the model to a module
of optimization. Once the problem is solved, the
optimal solution is loaded to the application, and
predefined reports that have been requested by users
of the planning are generated.
The model implements a network of feasible
movements of harvest teams between properties, and
that allows decisions about the specific work plans of
the different machines in the operation of the different
stands in accordance with the timing of harvests.
4 - Operational (short-term) DSS Name: PLANEX Heuristic
- Spatial with neighbourhood
interrelations Application implemented by the University of Chile and
- Stand level developed in a graphical ESRI ArcGIS platform.
- Single decision-maker
- Single objective The application is oriented to the operation of an
- Market wood products expert user who, according to the topology of the land,
plantations and existing roads and the definition of the
available harvesting equipment, identifies a design of
harvesting and roads with minimal operating cost.
8 - Operational (short-term) DSS Name: Maxben 4.1 Linear

- Spatial with no neighbourhood

interrelations

- Stand level

- Single decision-maker
- Single objective

- Market wood products

programming
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5.34 Optimization of medium-term planning

Medium-term planning in forestry is usually a horizon of five years, with quarterly or annual periods. These
systems make decisions about harvesting the stands in each of the next five years, including decisions
about the ways to enable these operations and their associated costs.

The first such system used widely in the Chilean industry was the MPCOS system, developed by academics
at Austral University in the mid-1990s. The system is in use in both the Arauco Group and CMPC. It has also
been exported to a company in Colombia. Chilean forestry companies use the system annually to perform
their medium-term planning, as well as for specific analysis related to unexpected situations of variation in
the availability of stands for harvest.

The mathematical model is based on linear/mixed integer programming. The objective function maximizes
the net present value of the existing plantations plus future plantations. The temporal resolution of the
system is seasonal (winter and summer). The planning horizon is 18 years, and the linear decision variables
consider the surface to harvest of each stand in each season.

The model considers the implementation of a network of roads for access to the stands. Integer decision
variables consider construction of different roads in one season following the logic of road construction
and activated to allow the harvest of the associated stands. The spatial resolution of the model considers
the creation of short units corresponding to forest management units that group surfaces of adjacent
stands according to criteria of species, forest management, and planting year.

The structure of the timber flow considers as sources the units cut and intermediate buffers (summer and
winter storages), and as destinations the cellulose plants, sawmills and ports that the company supplies.

A new development of this kind appeared recently, made by a former Austral University academic and
used in Masisa.

Table 3 presents details of tactical, or medium-term, planning systems.
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Table 3. Details of medium-term systems.

ID Problem Type Computerized Tools/DSS Models and
Methods

2 - Tactical (medium-term) DSS Name: MPCOS Mixed integer —
- Spatial with neighbourhood linear
interrelations Application made ‘to measure’ by Austral programming
- Stand level University and developed in an integrated
- Single decision-maker platform based on the programming language
- Single objective Delphi on a Paradox database.

- Market wood products
The implementation is highly oriented to give
a dynamic service to a non-expert user, in a
procedure that allows: recovering the
information from the database; configuring
the parameters of the particular instance, for
example, planning the horizon of planning and
temporal resolution; validating the
consistency of all the information
incorporated; activating the restrictions on
use from a predefined set of restrictions;
generating the mathematical model in a
matrix format; and requesting the resolution
of the model to a module of optimization.
Once the problem is solved, the optimal
solution is loaded to the application and
predefined reports that have been requested
by users of the planning are generated.

The model implements a network of relations
between access roads and stands that permit
entering by activating the necessary roads for
the harvesting of the stands at different time
periods.

7 - Tactical (medium-term) DSS Name: HPS 2.5 Linear
- Spatial with no neighbourhood programming
interrelations
- Forest level
- Single decision-maker
- Single objective
- Market wood products.

5.3.5 Optimization of long-term planning

As we mentioned at the beginning, the first efforts to produce a model of long-term planning were carried
out at the beginning of the 1990s by the group at Austral University. The system, known as Austral, has
been widely used by the Arauco Group and CMPC; these companies have even internalized its
maintenance and development.
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Forest companies use the Austral system annually to perform their strategic planning, in addition to
performing targeted analysis of national variation, installation of industrial centres, and analysis of price
variation, amongst others.

The system considers a planning horizon of at least the longest stage of crop rotation and longer periods of
two to three years. As for the spatial representation, the model must represent the geographic areas that,
having the same characteristics of productivity, allow adequate resolution of the transportation costs to
the different markets and industrial plants, as well as the volumetric yield of each species. The timber
growth simulator, RADIATA, provides the data for this system.

The basic restrictions consider the options of total availability of plantation surfaces, satisfaction with
levels of wood offers of different species, and final inventories of forests.

There are also other developments in this line; one led by a former academic at the University of Chile who
developed a system that was used in Forestry Bio-Bio and was exported to Aracruz Cellulose. Recently,
Masisa has adopted a system of this type made by a former academic at Austral University.

Table 4 presents details of strategic, or long-term, planning systems.

Table 4. Details of long-term systems.

ID Problem Type Computerized Tools/DSS Models and Methods

1 - Strategic (long-term) DSS Name: AUSTRAL Linear programming

- Spatial with no neighbourhood

interrelations

- Stand level

- Single decision-maker
- Single objective

Application ‘made to measure’ for customers,
integrates tools of income and validation of
information with the processing of the model
and reporting of results.

- Market wood products
This implementation is intended for use by a
non-expert user given the scarcity of this profile
of professionals in the country.

6 -Strategic (long-term) DSS Name: FMS 2.5 Linear programming
-Spatial with no neighbourhood

interrelations

-Forest level

-Single decision-maker

-Single objective

-Market wood products

5.4 Discussion and conclusions

Operations research has been very important in the Chilean forestry industry, mainly in solving operational
problems and company planning.

At the operational level, the Chilean developments were pioneering internationally, with broad recognition
from both companies in other countries, as well as from academia, where this work has been widely
recognized and rewarded.
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The technological counterpart has been provided by universities, mainly the Department of Industrial
Engineering at the University of Chile, and the School of Forestry Engineering at Austral University. These
developments have led to research in most Chilean universities that have some contact with the forest
industry.

Possibly the high level of development and the size of the Chilean forest companies has led and motivated
this activity. Also, the level of the disciplines of operations research and forest engineering in Chilean
universities has enabled us to meet this challenge successfully.

Innovations in information systems have motivated many of these developments. We have several
examples that confirm this hypothesis: the system of forest growth, the long-term planning systems,
timber growth simulators, and the short-term planning systems; the forest GIS systems and those for the
optimization of the financing of lands. The future will see that communication technologies are opening up
new possibilities in the area of logistics and forest operations.

Without a doubt, the scientific/technological capacity that Chile had at that time, along with the forestry
companies’ capacity for innovation, made possible a virtuous cycle that has given a competitive advantage
to the industry.

The forest industry has added operations research (OR) tools to improve their management and decision-
making procedures. The discipline of OR is widely taught at forestry schools throughout the country. Even
though these practices can be seen as a knowledge management (KM) method to capture and enrich the
learning activities in a company, the discipline of KM is not well known in this industry and no connection
has been made between DSS and KM in methodological or theoretical terms. Regarding participatory
planning (PP), we observe the same phenomena. Even though many concepts associated with PP are
embedded in these experiences, the PP discipline is not known in this industry, and no formal connection
has been made between DSS and PP.
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6.1 Introduction

According to the most recent statistics from the Seventh National Survey on Forest Resources (State
Forestry Administration P.R.China 2011), forests cover 195.45 million ha in China. This places China fifth in
the world after Russia, Brazil, Canada and the United States in terms of forest area. Nearly half of the
country’s forest land is located in the northeast (Inner Mongolia, Heilongjiang, and lJilin provinces) and
southwest (Sichuan and Yunnan provinces) (Figure 1). The remainder is heavily concentrated in the south
central and southeastern parts of the country.
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Figure 1. Forest resource distribution of China
Source: SFA, 2011

China’s forests suffered from excessive logging in the second half of the 20th century. As a result of this
tumultuous history, the country’s forests are dominated by younger age classes. As of 2008, young and
middle-age forests accounted for 71.1% of standing forests and 74.4% of timber forests (SFA 2011). The
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logging area of young and middle forests accounts for 78.5% of the total logging area of standing forests,
contributing to a diminishing reserve resource (SFA 2011).

Land in contemporary China is either state- or collective-owned. Collective owners include townships,
administrative villages and village household groups. Ownership rights for trees or forest resources,
however, differ from those with respect to land, reflecting a gradual separation of land use rights from
those of land ownership. Four categories of tree tenure have evolved: state-owned, collective-owned,
private-owned and mixed ownership by shareholders (Liu 2001). The latter two categories reflect the
practice that whoever plants the tree owns it, with associated rights to income earned from the sale of
timber or forest products. On an overall basis, therefore, two broad forest ownership classes exist — state-
owned forests and non-state forests, which include collective-, private-, and joint-owned trees or forests.

Table 1. Forest ownership in China

Ownership Area % of national
total
(1,000 ha)
State-owned 71,435.8 39.38
Collective 51,769.9 28.54
Private 58,175.2 32.08

Source: SFA, 2011

For state forests, institutions such as state logging enterprises, state forest farms and nature reserve
agencies take responsibility for management and logging operations. In contrast, local communities or
households within communities manage non-state forests.

6.1.1 Prevalent forest management problem types in China

FORSYS problem type categories include six problem dimensions: temporal scale, spatial context, spatial
scale, stakeholder involvement, objectives and outputs. In China, it is important to briefly describe the
current Classification-Based Forest Management (CFM) system that directly guides how forest managers
use properties and implement forest activities.

In the year 2000, China’s central government accelerated the development of a classification scheme for
the nation’s forests — Classification-Based Forest Management (CFM). The final version of CFM was
completed in 2003, and was implemented at the provincial level over the next few years with the aid of
subsidies from central government. CFM aims at a balance of the multiple services of forest resources
based on their differences in composition, structure, landscape context, and geographical location. The
design of CFM rests on the principles of landscape integrity, forest diversity, forest services, and regional
sustainable development (He and CC 2005). It seeks to strengthen integrated forest management based on
national-level forestry regulations, local socio-economic and natural conditions, and forest-level ecological
properties (Liang 2001).

At the broadest level (1), CFM divides all forest land in China into one of two basic classes: Ecological
welfare forests (EWF) and Commodity forests (CoF). The former are further subdivided into two categories
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(Level 1): a) Special Use forests— with seven such uses identified (Level Ill), including: natural reserve;
environmental protection; scenic; historical site; seed; experimental and defense; and b) Shelterbelt
forests, the other level-1l category of EWF lands, which serve seven key functions (Level Ill): water source,
road and riverbank protection; soil-water conservation; wind/sand and farmland/rangeland shelterbelts;
and other protective forests. The second broad (Level 1) class of forests in China is that of Commodity forest
(CoF) lands. These are subdivided into three categories (Level ll): a) Timber forests, which may be ordinary
timber or two types of fiber forests (Level Ill)); Fuel forests; and Economic forests, which include four
categories of non-timber forest products (Level lll) — orchards, medicinal herbs, oil, and chemical materials.

The wide array of forest uses embodied in the CFM framework poses significant challenges for forest
managers facing decisions regarding the allocation of resources among multiple objectives and, at times,
competing forest uses. The kinds of challenges they face may be characterized by the set of problem types
depicted in Table 2.

Table 2. Prevalent problem types in China according to FORSYS categories

. . Types
Dimensions
E C
Long-term (strategic) X X
Temporal scale Medium-term (tactical) X
Short-term (operational )
Non-spatial
Spatial context Spatial with neighbourhood interrelations
Spatial with no neighbourhood interrelations X X
Stand level X
Spatial Scale Forest level X X

Regional/national level

Single decision-maker

Parties involved
More than one decision-maker/stakeholders X X

Single X
Objectives
Jectiv Multiple X
Market non-wood products X
Market wood products X X
Goods and services W . produ
Market services
Non-market services X X

E: Key forest management problem types for EWF lands

C: Key forest management problem types for CoF lands

Different timescales serve to define different modes of decisions, from operational choices for current
management to strategic decisions charting out long-term courses of action. Such choices affect actions
affecting forests at different levels of scale, from individual stands, and local forests to national forest
resources. Decisions may focus on single or multiple objectives involving wood or non-wood products and
market or non-market services.
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6.2 Material and methods

This review of computer-based methods for decision support of forest management in China relies on two
more readily accessible sources of information on the current status of such methods in management
decision-making. The first consists of the major laws and regulations that govern the management of
forests in China.

The second source of data emanates from a detailed search of computer-based methods employed in
forest management that have been made available online by their source institutions or organizations. The
information about forest management planning processes in China and computerized tools to support
them is available from several institutional sites, technical reports and national and international research
publications.

6.3 Results

All problem types in China identified in this report involve situations in which more than one decision-
maker is involved. With this in mind, in addressing these problems, this report utilizes the set of FORSYS
methods recommended to assess participatory planning in addressing forest management problem types
in China. An outline of the methods and/or tools employed in each of the three phases of participatory
planning — intelligence, design and decision-making may be found in Table 3. Figures 2-4 describe how
knowledge management tools are designed in China according to their contribution for the identification,
analysis and solving of the two prevailing problem types.
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Table 3. Summary of steps that characterize the forest planning process

Process Participants Methods/Tools used

(9) Production goals.

(10) Law and regulations for forest management of non-private forests.

Planners and (11) Inventory of available forest resource and its distribution.

managers
(12)Stand information and maps.
(13)In all cases data are incorporated within software by experts.
(4) Prepare requests for goals, data, and information.

Experts

(5) Investigate and complete the data, models and information that are needed but which planner does not have.

Integration to DSS
& Database is created by experts to store all information. Database serves as input to the design process.

Participation type

(6) According to the management goals, experts decide the software types (GIS-based, expert system (ES) or integrated one)
to be used in addressing management problems.

(7) When the type(s) of computer tool(s) is/are selected, experts write the software.

(8) Data is transformed and prepared as input to the software. C#, SQL-Server and Oracle procedures that read data from the

Design Experts database, process, and format and generate the preformatted components of the models are utilized. Models are
integrated into the software.
(9) Goals are input to the software, and results are generated as output.
Integration to DSS Digital integration to other tools is intensive, in order to provide input data that is related to stand
& information, inventory, and maps. Participation here is focused on data preparation and selection of tools.
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Participation type

Planners and (3) Discuss the results generated by software programs.

managers (4) Review adequacy of results and any additional demands for software applications.

Decision

making c . (1) Transform the results into tables and graphs.
xperts
P (2) Modify the software.

There are three (see section 3.1) different participatory decision processes:

Integration to DSS
(4) All results are submitted to planners and managers who then choose which scenario is the best.

&

Participation type (5) Experts choose the best results and present the advantages of each to the planners.
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6.3.1 The design of forest management decision support systems (FMDSS)

6.3.2 GIS-based FMDSS

Geographic information systems play a very important role in forest decision support
systems. They can provide decision makers with a variety of options in making different
kinds of spatial and non-spatial evaluations. GIS-based multi-objective decision-making
support systems in forest management continue to proliferate rapidly. Land use planning
processes that incorporate the linear combination of geographic information systems are
also making valuable contributions towards enhancing the capabilities of forest managers.
The typical design of a GIS-supported FMDSS is presented in Figure 2.

Spatial Data
Result
Database » GIS y > Output
Attribute
Data Application

modules

Figure 2. Designs of GIS-based FMDSS

(1) Create database: including spatial data (digitized maps) and attribute data (stand
information, inventory data).

(2) GIS based software read the data from the database.

(3) Integrate application modules into the software.

(4) Resultant output.

6.3.3 Knowledge-based FMDSS

A Forest Resources and Environment Network 