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REVIEW ARTICLE

Past, current and future drivers for the development of decision support systems in
forest management

Harald Vacik* and Manfred J. Lexer

Institute of Silviculture, Department of Forest- and Soil Sciences, University of Natural Resources and Life Sciences
Vienna, Austria

(Received 4 May 2013; accepted 13 July 2013)

The potential for development in decision support for forest management is set by decision theory, available
technology and methods. Demands for decision support are emerging from contemporary challenges and
problems of forest management which act as stimuli for the science community. Objectives and approaches in
forest management as well as technologies have been changing throughout history. Accordingly, the demand for
tools to support planning and decision-making has evolved. In this contribution, the authors review the historic
development of decision support systems (DSS) for forest management and discuss past, current and future
drivers. Based on evidence from scientific literature, case studies in the frame of the Forest Management Decision
Support Systems (FORSYS) action, as well as experiences of the authors some hypotheses about the future of
DSS are drawn. It is shown that in the past, the drivers evolving from forest management as well as decision
support technologies have influenced the way of how models and methods have been applied as well as how DSS
architectures have been designed. It is concluded that in the future, the challenges for DSS development will
increase, as the complexity of decision-making processes and the related models will compete with the user
demands which ask for simplicity.

Keywords: forest management; decision support; technology; forest models; multi-criteria evaluation; optimisation;
GIS

1. Introduction

1.1. General scope

In the 1960s, researchers began systematically study-

ing the use of computerized quantitative models to

support and improve decision-making and planning

(Raymond 1966; Turban 1967; Urban 1967). Around

1970, first articles on management decision systems,

strategic planning systems and decision support

systems (DSS) in general were published in business

journals. Within this domain, business administration

and managerial decision-making have been initial

major areas of DSS development and application

(Sprague & Watson 1979; Arnott & Pervan 2008).

Beginning in the early 1980s, DSS also attracted

interest within the forestry domain and since then DSS

have been increasingly developed in forest sciences. In

one of the earliest reviews of DSS development and

application in natural resource management, Davis

and Clark (1989) cataloged about 100 DSS. Subse-

quent reviews (Schuster et al. 1993; Mowrer et al.

1997) have also covered attempts to provide computer-

based DSS and tools specifically for forest manage-

ment. It became evident, that decision support for

natural resource management has specific require-

ments which are related to the dynamic and complex

characteristics of natural systems and the need to take

into account the socioeconomic environment and the

related emerging decision-making processes. Stimu-

lated from international policy processes forests and

forest management attracted substantial interest of the

general public which increased the need for methods

and tools to support science-based decision-making

and fostered the development of DSS. In parallel, the

scientific achievements and experiences gained in

decision sciences, ecosystem modeling as well as in

information technology have influenced the process of

DSS development and their application.

First attempts to provide a science-based decision

support framework based on user needs, decision

science principles and state-of-the-art technology like

interoperability, modularity and transferability of

software components can be found in the strategy

for the development and application of DSSs for

natural resources and the environment (IGDSNRE

1998). The recent calls within research funding frame-

works such as the Framework Programs of the

European Union (EU) (http://cordis.europa.eu/fp7/)

provide evidence that current expectation of policy

and administrative decision makers is that science

provides ready-to-use DSS for emerging decision

problem domains.
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While from the perspective of management and

decision sciences, progress in DSS development,

including formal conceptual frameworks and cumu-

lative tradition, was analyzed by, among others, Eom

(1996), Pervan (1998), Arnott et al. (2005), Martin-

sons and Davison (2007) and Arnott and Pervan

(2008), no such assessment exists for the specific field
of forest resource management. Only recently, John-

son et al. (2007) evaluated the capabilities of available

DSS to support conservation management of forests

in the context of the policy framework of the

Montreal process. Reynolds et al. (2008) and Rey-

nolds et al. (2005) provided general overviews on DSS

development in forestry and reviewed selected DSS

applications in detail. Reynolds (2005) evaluated three
forestry DSS originating in the US in detail and used,

inter alia, the potential to support phases of an

adaptive management process as evaluation criteria.

Extending existing reviews and building on ex-

periences in business domains, this paper sets out to

review the development and application of DSS in

forest management. In particular, this paper aims to:

(a) review DSS development in forestry from a

historical perspective,

(b) identify drivers for DSS development and

application in forest management,

(c) and provide an outlook on future needs and

trends.

The paper is based on a review of the literature, a
quantitative Scopus search, the large repository of

DSS cases gathered in the recent EU funded network

of experts (COST action FP0403 Forest Management

Decision Support Systems (FORSYS), www.forestdss.

org) and the extensive personal experience of the

authors with DSS development and application in

forest management. It is structured as follows: based

on an introduction to decision processes in forest
management, an overview about the drivers in DSS

development in the past is given, justified with evidence

from the scientific literature. The review ends with an

outlook on future prospects for DSS development in

forest sciences.

1.2. Defining DSSs

Decision-making can be supported in many ways.
However, the distinction between decision support

tools and DSSs is that tools can include anything

from a simple look-up table to a simulation model or

even a flow chart on paper.

In defining DSS functional as well as technical

approaches have been suggested. Drawing on various

definitions that have been suggested (e.g. Scott-

Morton 1971; Keen & Scott-Morton 1978; Bonczek

et al. 1981; Sprague & Carlson 1982) DSS are seen as

particularly useful for unstructured, ill- and semi-

structured problems. Ill- and semi-structured pro-

blems typically deal with situations where, human

judgment is vital for problem solving and limitations

in human information processing may impede the

decision-making process (Rauscher 1999; Martinsons &
Davison 2007). Accordingly, Mc Nurlin and Sprague

(2004) define DSS as ‘‘computer-based systems that

help decision makers confront ill-structured problems

through direct interaction with data and analysis

models.’’ According to Watson and Sprague (1993), a

DSS includes three major components: a dialog sub-

system, a database subsystem and a model base

subsystem. The components of this model-driven
definition can be related to the trilogy of interface

subsystem, knowledge subsystem and problem proces-

sing subsystem as proposed by Holsapple and

Whinston (1996). The three-component core architec-

ture (Watson & Sprague 1993; Holsapple & Whinston

1996) is capable of managing data, fitting data to

models and providing methods to reach decisions. More

pragmatic approaches attempt to categorize the huge
number of different DSS developed according to the

‘‘degree of action implication of DSS outputs’’ (Alter

1980); that is, the degree to which the DSS’s output

could directly determine the decision. Recently, Power

(2007) organized DSS into five broad DSS cate-

gories including communications-driven, data-driven,

document-driven, knowledge-driven and model-driven

DSSs.
In accordance with Fischer et al. (1996), Leung

(1997) and Rauscher (1999) in the context of this

paper, we use a combined functional and technical

approach and define DSSs as computer-based tools

which provide support to solve ill-structured decision

problems by integrating database management sys-

tems (DBMS) with analytical and operational re-

search models, graphic display, tabular reporting
capabilities and the expert knowledge of scientists,

managers and decision makers to assist in specific

decision-making activities. This definition implicitly

integrates the DSS categories by Power (2007).

1.3. Decision processes

DSSs do not provide ready decisions. Rather they

support decision makers in making decisions. There is
an entire field of decision science where the primary

purpose is to analyze and understand the process of

decision-making. Simon (1960) and Mintzberg et al.

(1976) developed a general theory of decision analysis

that has gradually evolved to represent the foundation

of most, if not all, modern decision processes. The

trichotomy of intelligence (identifying a problem

situation calling for decisions), design (developing

2 H. Vacik and M.J. Lexer
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possible courses of action) and choice (selecting a

course of action from among the available options)

was considered by Simon as the ‘‘kernel’’ of any

decision-making process re-occurring in manifold

forms in different decision-making phases and sub-

problems. According to Figure 1, Mintzberg et al.

(1976) further decomposed these basic elements into

seven core routines of recognition (1) and diagnosis

(2), where problems are recognized and cause�effect

relationships within a problem domain are deter-

mined, searching (3) and designing (4), the decision

space to set up ready-made solutions and new

possible courses of actions, screening (5), to reduce

an overly large set of available options before entering

evaluation and choice, where alternative courses of

action are ranked through quantitative analysis (6),

judgment (7) or bargaining (8). An authorization

routine completes the planning sequence. In fact,

Janssen (1992), as well as Klein and Methlie (1990),

argue that the planning stage of any management

process will generally need to be some variant of the

Mintzberg et al. (1976) method. Examples from

forestry which explicitly refer to the Mintzberg et al.

model are Rauscher (1999), Rauscher et al. (2000),

Reynolds (2005) and Lexer et al. (2005). Rauscher

(1999), Oliver and Twery (1999) and Reynolds et al.

(1999) laid theoretical and practical groundwork for

thinking about how to apply DSSs to the emerging

paradigms of forest ecosystem management with a

focus on US forests. Rauscher (1999) coined the term

‘‘full-service DSS’’ for systems which support the

entire Mintzberg et al. process.

In fact, people are making decisions with little

awareness of the processes they go through to reach

conclusions. Here the question arises whether DSS

should follow practice or whether normative decision-

making processes should be proposed and implemen-

ted within DSS. Human decision makers are as much

a part of the DSS as any other component. People do

not merely ‘‘run’’ a DSS and use its outputs. Rather,

they are an integral part of a DSS, providing the

system with judgment and values that are critical to

and often dominate the decision-making process

(Twery et al. 2000). This is well in line with Sprague

and Carlson (1982) who see the strength of DSS in a

focus on effectiveness rather than on efficiency of
decision processes.

2. Drivers of DSS development

DSS development is not a homogeneous field and in

its almost 40-year history, several subfields and
development lines have emerged partly independent

in parallel and partly in mutual dependence. In a

technology field as diverse as DSS, chronicling history

is neither neat nor linear. Different people perceive

the field of DSS from various perspectives and report

different accounts of what happened and what was

important (cf. Silver 1991; Eom et al. 1998; McCosh &

Correa-Perez 2006; Power 2007; Arnott & Pervan
2008; NCSSF 2010).

The potential for DSS development is set by

theory, available technology and methods. Demand

for decision support is emerging from contemporary

tasks and problems of forest management which act

as stimuli for the science community. In the following

section, we discuss forest management issues and

available technology, methods and models as poten-
tial drivers for DSS development from a historical

perspective.

2.1. Forest management issues

Objectives and approaches in forest management have

been changing throughout history. Accordingly, the
demand for tools to support planning and decision-

making has evolved. The availability of wood was a

prerequisite for the expansion and development of all
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Figure 1. Planning process according to Mintzberg et al. (1976, modified). The adaptive management cycle is closed by the

bold arrows feeding back from implementing actions via monitoring to diagnosis and problem identification.
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the early civilisations (Perlin 1991). With growing

populations, the demands on the forest resource

increased and the supply of both wood and non-

wood products from the forest became crucial to the

development of human populations (Farrell et al.

2000). In the eighteenth and early nineteenth centu-

ries, the forest was no longer seen as a multiple use

resource for the needs of the local population but as a

means of turning ‘‘wood into silver’’ (Ernst 1998)

with a clear dominance of timber production. Due to

overexploitation, regulations and guidelines were

needed to secure a sustainable supply of timber. In

Europe, forestry schools were established in the late

eighteenth century and were the origins of classical

approaches to growth and yield regulation in even-

aged forests (e.g. Carlowitz 1713 in Hausrath 1982,

Assmann 1970). The forest was seen as a resource to

be utilized in a controlled manner (Farrell et al. 2000).

During the last century, forestry passed through a

considerable change of its sociocultural acceptance

and public perception. The contribution to the

national income and the provision of employment

especially in rural areas through timber production,

were the major expectations of society in the first half

of the century. In the 1960s, the complexity of societal

demands increased and foresters were facing more

and more challenge to integrate manifold and often

conflicting demands into forest management planning

(Johann 2007; Fürst et al. 2010). In the US, the term

‘‘multiple use’’ was codified with the Multiple Use-

Sustained Yield Act of 1960 (US Department of

Agriculture 1993). The practice of multiple-use man-

agement had been common in Europe much earlier.

With ideas first originating in the nineteenth century

(Gayer 1896), a biocentric ecosystem-based approach

has developed recently in contrast to the anthropo-

centric management paradigms (Farrell et al. 2000). It

considers the conservation of ecosystems and biodi-

versity as a value per se and fosters a holistic systems

thinking. These general paradigms do not necessarily

follow in a neat chronological order, nor did they

develop synchronously in different regions of the

world. Rather there have been frequent shifts forth

and back between these paradigms (Pretzsch et al.

2007). Below various top-down and bottom-up pro-

cesses, which emerged over the recent two decades

fostering one or the other management paradigm, are

briefly discussed with regard to their role as driver for

DSS development (compare Table 1).

In recent decades, policies in the US have empha-

sized management of forests as ecosystems that

provide many benefits beyond water and timber

(Wilderness Act, Endangered Species Act, National

Environmental Policy Act) which has led to an

ecosystem management approach in more general

terms. Additionally, varying ownership patterns lead

to increased complexity in the decision-making pro-

cess for forest management across the landscape.

In the wake of the United Nations Conference on

Environment and Development (UNCED) in 1992,

the concept of sustainability became an issue of public

interest worldwide. In Europe, this trend has led to

a series of Ministerial Conferences on the Protection

of Forests in Europe (MCPFE) which in 1993 in

Helsinki led to the adoption of a Pan-European

framework for sustainable forest management

Table 1. Forest management issues as potential driver for DSS development.

Forest management issue Characteristic problems Resulting demand for decision support

Sustainable timber

production

Timber volume projections, harvest scheduling;

scale: stand to landscape

Growth and yield models, optimization

techniques for harvesting plans

Maintaining biodiversity Operational definition of biodiversity, scale:

genes to landscape

Indicators for biodiversity, spatial analysis to

characterize spatial structures, visualization

of results

Ensuring multiple use/

multifunctionality

Quantitative assessment of ecosystem services

(ESF); scale: stand to landscape

Quantification of ESF, multi-criteria

evaluation of management alternatives

Supporting sustainable forest

management (SFM)

Considering ecological, economic and

socioeconomic factors at multiple temporal

and spatial scales; enabling certification

Implementing sets of criteria and indicators;

multi-criteria evaluation of management

alternatives

Integrating climate change in

forest management

planning

Considering uncertainty, ecosystem response

to climate change need to be assessed (incl.

management and disturbance regimes); scale:

stand to landscape

Predictive ecosystem models; techniques to

include and communicate uncertainty and

risks, analyzing large data sets

Increasing importance of

public participation

Increasing importance of transparency,

allowing group negotiation processes; scale:

stand to landscape

Simple easy-to-understand techniques for

(multi-criteria) analysis, visualization,

Implementing adaptive

management

Considering uncertainty, documentation of

decision processes, management plans must

be described in an operational manner

Conceptual and formal integration of

methods for inventory, planning, prediction

and evaluation

4 H. Vacik and M.J. Lexer
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(SFM) at politically binding level (MCPFE 2003). In

North America, the Montreal process helped to

identify seven criteria to establish a framework for

SFM. The evaluation framework uses indicators

covering issues such as conservation of biological

diversity, sequestering carbon and providing social

and economic benefits (US Department of Agriculture

2004).

In parallel to these policy-driven top-down ap-

proaches to foster SFM market-based certification

schemes were established (e.g. Forest Stewardship

Council, program for the Endorsement of Forest

Certification) to promote environmentally friendly

and socially responsible management of forest re-

sources as an instrument to achieve competitive

advantage.

The ecosystem approach is one of the key

strategies for implementing the objectives of the

Convention on Biological Diversity (CBD 1992). It’s

12 principles describe essential cornerstones of a

comprehensive strategy for an integrated manage-

ment of natural resources, aiming at a balance

between conservation and sustainable use. The term

‘‘integrated management’’ is used to refer to the

management of land, water and living resources

across all land-use sectors and policy areas.
According to the paradigms of SFM (MCPFE,

Montreal and Tarapoto process), forests serve multi-

ple interests and have to provide a multitude of

products, goods and services (Millenium Ecosystem

Assessment 2005). Concepts on how to manage

forests in a sustainable manner to deliver the various

goods, services and benefits include ecosystem man-

agement (Christensen et al. 1996; Kohm & Franklin

1997), the ecosystem approach of the CBD (Smith &

Maltby 2003), and SFM (Lindenmayer et al. 2000).

This has raised the demand to consider ecological,

economic and socioeconomic factors at multiple

temporal and spatial scales. Following the principles

and guidelines of UNCED, a common framework for

describing, assessing and evaluating progress in

countries’ efforts to practice SFM was created

(Grayson & Maynard 1997).

In the 1990s, potential global climate change,

triggered by the anthropogenic emission of green-

house gases into the atmosphere, became an issue in

the scientific community and in the public as well.

Forests in particular, due to their longevity, are

expected to be strongly affected by the rapid rate of

global change projected for the twenty-first century

(IPCC 2007), straining the potential of natural

adaptation processes. Challenges for forest resource

managers will include the need to balance the

societally required portfolio of services and functions

(Wang 2004; Lexer & Seidl 2009). Climate change

mitigation and adaptation of forest management to a

changing climate have become closely interrelated

issues that require integration in forest resource

planning and decision-making (Spittlehouse 2005;

Ogden & Innes 2007; Lindner et al. 2010).

Due to the manifold and often conflicting inter-

ests in land-use planning, decision makers recognized

the need to understand stakeholders, that is, people or

groups who are affected by the decisions they take,

and who have the power to influence their outcome

(Freeman 1984). With the increasing need to consider

stakeholder interests, the traditionally quite narrow

view of neutralizing and defeating stakeholders to

meet the strategic goals of the company within

microeconomics (e.g. Brugha & Varvasovsky 2000)

has evolved, to a much broader normative view in

sustainability science which in general foresees a

stakeholder process for any planning and decision-

making procedure (e.g. Donaldson & Preston 1995;

Stoney & Winstanley 2001). Through the growing

public participation in decisions about the manage-

ment of natural resources, particularly at local or

watershed scales, new demands emerged for assistance

in understanding natural resource and environmental

issues, developing and evaluating alternatives and

projecting the consequences of different courses of

action (Mendoza & Prabhu 2003; Vacik, Kurttila,

et al. 2013).

Recent EU policy aims to source 20% of the

energy needs from renewables by 2020 (Commission

of the European Communities 2005). The resulting

increased demand for forest biomass sharpened the

discussion on the compatibility of an increased timber

use from forests, and the sustainable fulfillment of

other functions of forests at various spatial scales,

such as provision of drinking water, conservation of

biological diversity and provision of recreation facil-

ities (Stupak et al. 2007).

Given these increased pressures on forest ecosys-

tems, the maintenance and enhancement of biodiver-

sity, plays an important role within any framework of

SFM in its own (Hunter 1999; Millennium Ecosystem

Assessment 2005). The integration of biodiversity

under the umbrella of SFM has been acknowledged

as particularly important, as it is increasingly clear,

that setting aside conservation areas will not be

sufficient to preserve the diversity level required to

maintain the ‘‘evolutionary potential’’ of tree popula-

tions and forest ecosystems (e.g. Noss & Cooperrider

1994; Wintle & Lindenmayr 2008).

Given the huge uncertainties regarding future

environmental conditions as well as societal demands,

adaptive management has recently been viewed as a

very promising and intuitively useful conceptual

strategic framework for defining ecosystem manage-

ment (Kohm & Franklin 1997; Rauscher 1999;

Rauscher et al. 2007; Khadka & Vacik 2008). The

Scandinavian Journal of Forest Research 5
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need for climate-change adaptation has recently

evoked additional interest in adaptive management

approaches. Adaptive management is a continuing

cycle of four activities: planning, implementation,

monitoring and evaluation (Walters & Holling 1990;

Bormann et al. 1993). Planning focuses on deciding

what to do. Implementation is concerned with decid-
ing how to do it and then doing it. Monitoring and

evaluation are the activities of analyzing whether the

state of the managed system was moved closer to the

desired goal state or not and whether the chosen

management activities have been efficient. New

knowledge may have become available and manage-

ment goals may have changed. At each cycle, the

result of the evaluation activity is fed back to the
planning activity so that adaptive learning can take

place (compare Figure 1). Unfortunately, this general

theory of decision analysis is not specific enough to be

operational, and itself requires adaptation to specific

problem settings.

In forest management decisions need to be taken

at various scales, from stand to regional and national.

Tactical and strategic decisions as well as different
decision-making environments typically require spe-

cific decision processes. DSS may be designed for a

particular problem, supporting a specific decision

process or just a decision-making phase or they may

be general and adaptive to fit a range of decision

problems and processes. Hence, the different issues

emerging in forest management mentioned above

stimulated the development of DSSs in general and
increased the demand to integrate various techniques,

models and methods in a holistic and flexible manner

(Table 1).

The need for accurate projections of sustainable

harvest levels led to the development of growth and

yield models and stimulated the use of optimization

techniques. Ensuring multifunctional forest manage-

ment fostered the need for predictive ecosystem
models, the development of criteria and indicator

sets as well as multi-criteria analysis techniques for

evaluating the tradeoffs between different manage-

ment options (Table 1). The emerging needs for

adapting forest management to climate change has

encouraged DSS developers to include techniques for

uncertainty and risk analysis, as well as making tools

capable of analyzing large data-sets. However, the
uptake of these new techniques and the use of models

to support decision-making was largely determined

by decision sciences and computer technology.

2.2. Technology, models and methods

The history of the implementation of computerized

systems for decision support begins in the mid-1960s

(compare Figure 2). In the early 1950s, when electro-

nic data processing (EDP) became available, people

for the first time were able to operate with a large

amount of data in reasonable time. It was in the late

1950s, that many organizations began to utilize

transaction processing systems or EDP systems, to

automate routine clerical tasks such as payroll,

inventory and billing. In the 1960s, the handling of

large data-sets was supported by the development of

DBMS, which allowed storing information in a

database, retrieving and analyzing it. Through the

combination of DBMS and Operations Research

(OR) techniques, organizations were able to analyze

the states of the organization’s management system,

at any time step through the use of management

information systems (MIS). Since then MIS has

become an established academic discipline in its

own (e.g. Mason & Mitroff 1973; Eom 1996).

The progress in OR and artificial intelligence (AI)

methods was highly influential for the creation of a

class of information systems which eventually devel-

oped into DSS. Within forestry timber harvest

scheduling by means of linear programing techniques

was among the first OR applications (Reisinger &

Davis 1987). AI approaches such as artificial neural

networks (ANN; e.g. Zahedi 1993; Turban & Aron-

son 2004) and rule-based approaches utilizing, inter

alia, concepts such as linguistic variables and approx-

imate reasoning from fuzzy set theory (e.g. Zadeh

1973; Dubois & Prade 1996) were instrumental in

developing Expert Systems (ES) which, for the first

time, made it possible to mimic the decision-making

ability of forest experts and professionals, and make

expert knowledge accessible to non-experts. Expert

knowledge was captured by a set of rules in order to

facilitate more rational decisions, independently from

the decision maker responsible for it (Thomson &

Taylor 1990; Thomson et al. 1993; Rauscher 1995).
ES, MIS and DBMS stimulated the conceptual

framework for developing DSS. The idea of using the

computer to help decision makers was published as

early as 1963 (Bonini 1963). Scott-Morton (1971) can

be considered as one of the first, who coined the term

‘DSSs’ in his PhD thesis. Since then, there has been a

growing amount of research in the area of DSS. These

computer-based tools provided a common platform

to support the process of decision-making by inte-

grating DBMS with analytical and operational re-

search models. In forestry, the first scientific papers

appear in the early 1990s (Robak 1984; Reisinger

1985) presenting microcomputer-based DSS for plan-

ning forest operations. Interestingly, stimulated by the

experience with early DSS Sprague and Carlson

(1982, in Eom 1996) suggest enhancing MIS with

decision models to increase their power as decision

support tools.
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DSS consist of two major subsystems � human

decision makers and computer systems. The human

decision maker not only provides data input to build a

database but is also expected to exercise judgment or

intuition throughout the entire decision-making pro-

cess. The basic components of DSS like DBMS,

model-base and methods-base management and

DSS generator have been described originally by

Sprague (1980) and others frameworks have taken

that into account (Densham 1991; Malczewski 2006).

From a user’s viewpoint, the DSS generator is the

only component which they have to deal with via the

graphical user interface (GUI). An effective user

interface must therefore take several important issues

into consideration, including choice of input and

output devices, screen design, use of colors, data and

information presentation format, and use of different

interface styles. Through the conceptual and technical

achievements, decision makers have been enabled to

combine models and methods in a specific manner

through the use of the DSS generator. The flexibility

to define the operational use of DSS according to a

specific decision problem was increased dramatically,

by raising the complexity of the software environment

as well and supporting interoperability between differ-

ent tools (e.g. Common Object Request Brokerage

Architecture, Blackboard Architecture). Today’s DSS

generators provide the user with a wide variety of

interface modes: menu-based interaction mode, com-

mand language style, questions and answers, form

interaction, natural language processing based dialog

or GUIs. The power of the decision maker to influence

and modify the decision-making process was drasti-

cally increased.

In the period since DSSs came to prominence,

there has been a shift from automatic cartography to

geographic information systems (GIS). The potential

power of GIS goes beyond producing maps by

providing mechanisms for the input, storage, analysis

and use of spatial information. GIS on one hand has

increased the acceptance of DSSs, as the need to

integrate spatial information in decision-making

became evident, on the other hand, it provided

opportunities to improve analysis and has led

to development and application of spatial DSSs

(Covington et al. 1988; Fedra & Reitsma 1990;

Densham 1991; Riedl et al. 2000). Within forestry,

Naesset (1997) was among the first to address new

spatial demands in strategic and operational planning

for SFM. Recent developments in the field of GIS

(web services, interactive dynamic maps) allowed the

limitations of present GIS technologies in public
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integration level of components. Gray box symbolizes DSS in the context of this paper.
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participation processes to be overcome (Sturtevant et

al. 2007). There was no longer a need to be an expert in

Geographic Information Sciences to retrieve informa-

tion from maps or perform simple queries. Web GIS

applications allow an expanded framework of commu-

nication and discourse, opening opportunities for

public participation across the processes of problem

definition and problem resolution including multi-

criteria analysis as well (Goodchild 2000; Malczewski

2006).

Multi-criteria decision analysis (MCDA) techni-

ques in the field of OR have been integrated with

Spatial Decision Support Systems (SDSSs) to help

decision makers model trade-offs between multiple

and conflicting objectives in multipurpose manage-

ment implicitly or explicitly. The overall purpose of

MCDA methods is to support the evaluation and

choice phase of the Mintzberg et al. (1976) decision-

making model, by establishing a rank order of

available decision alternatives based on facts and

subjective preference information. Such methods

have drawn considerable attention within forestry

and numerous applications have been reported (e.g.

Kangas 1992; Vacik & Lexer 2001; Drechsler 2004;

Wolfslehner & Vacik 2008). Recently, Mendoza and

Martins (2006) have provided a comprehensive review

of methods and applications. Since the 1990s, the need

to support multistakeholder decision-making settings

and participatory decision processes required the

adaptation of MCDA methods from single decision

maker situations to group decision-making problems.

One decisive process for the development of DSS

in the forestry domain was the replacement of tradi-

tional timber yield prediction tools such as yield tables

by individual tree growth models. Such models

originating in the USA and Canada (e.g. Newnham

1964; Botkin et al. 1972; Ek & Monserud 1974)

allowed assessing effects of different silvicultural stand

management programs on production and vegetation

structure ex ante in a flexible manner. The Prognosis

Model for Stand Development introduced by Stage

(1973) was adopted by the US Forest Service as a

common modeling platform to support forest man-

agement planning (Crookston & Dixon 2005). Since

then it has become one of the most prominent

examples of this new class of growth prediction tools.

In Europe, tree growth models became slowly estab-

lished in research in the 1980s (e.g. Sterba 1983;

Pretzsch 1992) and it was not before the 1990s, that

mature tree growth simulators became available for

practical forest management decision support (e.g.

Hasenauer 1995; Monserud et al. 1997; Hyninen et al.

2002; Pretzsch et al. 2002). Such models allowed

assessing effects of different silvicultural measures on

production and vegetation structure in a flexible

manner. Over the recent decade, forest growth models

have been used in combination with optimization and

choice algorithms to support forest planning. While

tree growth models have been extended with GUI and

visualization (e.g. Pretzsch et al. 2006), they have also

been linked with OR and MCDA routines to assist in

solving forest planning problems. These components

have been integrated technically and functionally in

simulator systems (e.g. Pukkala 2003).
From the DSS perspective, there are promising

examples for successful integration of growth models

such as as the collection of applications of the

NorthEast Decision (NED-2) DSS for ecosystem

management (Twery et al. 2005), the Forest Vegeta-

tion Simulator (Dixon 2002), and the Landscape

Management System (Oliver et al. 2008) as well as

of MCDA methods (Decision Support Dobrova

[DSD], Lexer et al. 2005; Computergestützte En-

tscheidungshilfe für Nutzungseingriffe im Seilgelände

[CONES], Vacik et al. 2004) in ‘‘full-service’’ DSS

supporting the complete Mintzberg decision-making

process. Spatial multi-criteria decision problems may

involve a set of geographically defined alternatives

from which a choice of one or more alternatives is

made with respect to a given set of evaluation criteria

(e.g. Gilliams et al. 2005). Recent developments in

information and communication technology have

facilitated the integration of new data and new models

to build effective multi-criteria SDSSs. For example,

the Ecosystem Management Decision Support system

(Reynolds 2001) for landscape-level assessments in

recent updates integrates ES and MCDA for support-

ing the problem modeling stage in decision-making.
Within the past 15 years, the Web has grown from

a group work tool (using Telnet, Gopher, FTP) for

scientists, into a global information space with more

than a billion users. Currently, the web is both

returning to its roots as a read/write tool and also

entering a new, more social and participatory phase.

These trends have led to a notion that the Web is

entering a ‘‘second phase,’’ a new ‘‘improved’’ Web

version 2.0 (Anderson 2007). This allows organiza-

tions and groups to interact independently from

temporal and spatial constraints in decision-making

and problem solving. Through the technical achieve-

ments and the increased interactivity offered by Web

GIS, Blogs and social networks, it has become more

and more possible to support active public participa-

tion even of large groups. In the context of Geo-

graphic Information Science this approach is

commonly known as Public Participatory GIS in the

literature (e.g. Jankowski & Nyerges 2003). These

opportunities prepared the ground for advanced

Group Decision Support Systems (GDSS).An initial

framework for GDSS in management sciences had

been introduced by Huber (1984). Since then within

8 H. Vacik and M.J. Lexer
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business administration, numerous GDSS examples

have been published (cf. Pervan 1998).

3. Evidence from DSS literature

3.1. Scopus analysis

A survey in SCOPUS was conducted to document the

publication activity in different journal samples and
check whether the drivers mentioned in the previous

chapters can be confirmed by the number of scientific

publications in the respective field of the drivers. In

total, 37 forest science-related journals and 123

journals from the general field of environmental

sciences, decision and management sciences were

screened. A search for (‘‘decision support systems’’

OR ‘‘DSS’’ OR ‘‘decision support tool’’ AND ‘‘forest
management’’ OR ‘‘forest planning’’) in abstract, title

and keywords yielded 577 papers and reviews in all

160 journals between 1988 and 2012. In the 37

forestry-related journals, a total of 258 papers were

found. The leading number of papers in these journals

was published in Forest Ecology and Management

(48), Computers and Electronics in Agriculture (37),

the Canadian Journal of Forest Research (25),
Journal of Forestry (19) and Forestry Chronicle

(18). In narrowing the sample to those papers, which

describe a decision support application in a more

strict sense, the search was limited to the terms

(‘‘decision support systems’’ OR ‘‘DSS’’ OR ‘‘deci-

sion support tool’’ AND ‘‘forest management’’ OR

‘‘forest planning’’) in title and author-keywords. This

closer match yielded a total of 223 papers. All further
analysis is based on this smaller sample if not

indicated explicitly otherwise.

Since 1995, the topic of ‘‘decision support’’ in

general became more and more prominent, as the

number of papers in all journals increased steadily.

While, for instance, four papers appeared in 1996, a

total of 22 were published in 2006. The first scientific

papers appear in the 1990s lagging about 10 years
behind the development in the general field of DSS

(Robak 1984; Reisinger 1985; Covington et al. 1988).

Interestingly, many of these first prominent forestry-

related papers were published in the wider journal

sample not related to forest science. Applications

about DSSs for operational planning of forest opera-

tions (Robak 1984; Reisinger & Davis 1985), for

multiresource planning (Covington et al. 1988), for
planning small-scale agroforestry systems (Garcı́a-de

Ceca & Gebremedhin 1991) or knowledge-based

systems for application of pesticides against gypsy

moth (Foster et al. 1991) are some of the early papers.

Some of the papers which were published before 1998

later on occurred persistently as important references

for later studies in forest-related journals. For in-

stance, the contributions by Davis and Martell (1993),

Llewellyn et al. (1996), Naesset (1997) or Tecle et al.

(1998) were cited at least 25 times each. The 223

selected documents are cited 1889 times by 1585

documents in Scopus. These citations are coming

mostly from the same domain; 29.6% from Environ-

mental Sciences and 27.1% from Agriculture and

Biological Sciences. Only a small share of papers is

cited from outside the natural science domain, which

is an indication that the DSS community in forest

management is not well acknowledged by the wider

DSS community. Comparing the country of origin for

the total of 577 papers, the majority of papers is from

Europe (43.4%), followed by United States (22.1%)

and Canada (13.7%). Finland (5.9%), United Kingdom

(5.1%) and Germany (4.4%) comprise the highest

number of papers within Europe.

Comparing the number of papers with DSS

content to the overall number of published manu-

scripts over the last 10 years, forestry-related DSS

papers represent only a small percentage. Taking a

closer look at the forestry-related journals in the

survey who have published most of the DSS-related

papers, it seems that, beside some exceptional cases,

not more than 2% of all published papers are on the

DSS subject (Figure 3). In that context, the journal

Computers and Electronics in Agriculture has

the highest average share with 2.9% for the period

2000�2012, while in the journal Forest Ecology and

Management, only 0.7% of all papers were on DSS

over the previous decade. However, the total share of

DSS papers with forestry content in journals covering

a wider spectrum of disciplines (e.g. Environmental

Modeling and Software, Ecological Modeling) is also

comparably low. On the other hand, there is even a

smaller share of DSS papers with forestry contents

published in the classical decision support journals

(e.g. DSSs, AI Applications, European Journal of

Operational Research). In total over the last 10 years,

not more than 40 papers with forestry contents have

been published in these journals. This leads to the

conclusion that the contribution of the forestry

domain to the general DSS science is limited.

Figure 4 displays the number of DSS-related

publications on forest management issues in all

journals over the period 1997�2012. Looking at the

kind of forest management issues that have been

addressed in the total sample of all publications, it

was found that the topics ‘‘sustainability’’ and ‘‘multi-

purpose’’ are addressed in more than 50% of all

contributions. The most often cited references to

forest management are from Sheppard and Meitner

(2005) with 82 citations and by Rauscher (1999) with

75 citations. In the context of water management, it is

Mysiak et al. (2005) with 84 citations. The topics

‘‘water management’’ ‘‘biodiversity,’’ ‘‘climate change’’

and ‘‘participation’’ play only a minor role but have
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gained increasing importance since 2000. Interestingly,

only in a minority of all papers was one topic

addressed exclusively; in most cases, the problem

tackled with a decision support tool was multidimen-

sional and considering several management issues.

There are two peaks in the years 2000 and 2005
indicating the political demand of decision support in

the context of SFM and maintenance of biodiversity

(Figure 4). The increasing trend for the development

of DSS tools and techniques may be seen as a

consequence of many political documents as well as

research agendas (EU research strategy 2010) which

explicitly state the demand for DSS. In addition, a

number of DSS-related conferences in Vienna 2003

(Rauscher et al. 2005), in Edinburgh 2005 (Reynolds
et al. 2007) and Lisbon 2009 (Bettinger et al. 2011)

Figure 3. Share of DSS-related publications on forest management and forest planning in selected forest journals.

Figure 4. Number of forestry-related DSS publications according to different topics in the period 1997�2012.

10 H. Vacik and M.J. Lexer
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have pushed the total number of scientific papers in

recent years. The activities and the related final

conference of the FORSYS Cost Action in Umea in

2013 will result in a similar boost of articles.

3.2. FORSYS � DSS cases

The COST Action FP0804 (www.forestdss.org) pro-

vides an overview of worldwide experiences with

developing and applying forest DSSs for forest

management as a solid foundation for technological

innovation and collaboration between research part-

ners. A review of existing forest DSSs as well as a

description of the methods, models and techniques

applied was done to provide a repository that could

continuously evolve over time and serve as a refer-

ence. The repository is based on a Semantic Media

Wiki (SMW) that provides the opportunity to share,

integrate and re-use information on the web in parti-

cular and information systems in general (Marques

et al. 2013). In Table 2, a current snapshot of the DSS

projects described in the SMW is given, which can

serve as an additional source of evidence for the

methodological and technological drivers.

According to the different dimensions of a forest

management problem, most of the 57 DSS applica-

tions that are currently listed support long-term

(strategic) planning, consider multiobjectives and

concentrate on market wood products in the analysis.

In this context, forest models are used to a large

extent to predict the consequences of different forest

management options. MCDM are more often used

than optimization techniques to choose among alter-

natives. Almost half of all DSS cases use a GIS to

support spatial analysis.

On average, each DSS is characterized by at least 7

of the 14 criteria, indicating again that most DSS are

combining several techniques or approaches.

4. Future trends

The increasing demand for an improved quantifica-

tion of multiple ecosystem services will foster the

elaboration of more comprehensive forest models. For

instance, deadwood dynamics need to be represented

in forest models to better characterize habitat quality.

Additionally, the growing use and production of non-
wood forest products will ask for models which are

better suited for estimating their quantity and quality

(Calama et al. 2011). The increasing impacts of

climate change and the need to consider disturbances

in general as major drivers in predicting the future

conditions of forest ecosystems will require enlarging

the functionality of ecosystem models. The inclusion

of various disturbance modules will allow estimating
the risk for forest management under different

climate-change scenarios (Fontes et al. 2010). This

will increase complexity of forest models with a large

demand for parameterization and empirical valida-

tion before implementation in DSSs, and at the same

time will increase the required expertise to actually

run the models and analyze the resulting output.

Because the evaluation of adaptation and mitiga-
tion strategies will call for more sophisticated tech-

niques (e.g. life-cycle assessment, remote sensing,

real-time optimization of logistic chains), the need

for the analysis of large data-sets will increase as well.

DSS dealing with such decision problems might have

an increased need for data mining, multiple integer

programming or ANN techniques in order to analyze

these data volumes.
And beyond these demands, the increasing num-

ber of regulatory policies worldwide will ask for an

increased consideration of restrictions and constraints

in problem structuring, as well as the use of scenario

analysis in order to provide feedback for the various

‘‘what happens, if’’ questions. The flexibility and

adaptability of DSSs with regard to the definition

and quantification of indicators to be used in evalua-
tions will therefore be an important asset.

Within the last 15 years, the Web has grown from

a working tool for scientists into a global information

space with more than a billion users. Currently, the

web is both returning to its roots as a read/write tool

and also entering a new, more social and participatory

phase. As Reynolds et al. (2005) have pointed out

some of the most promising lines of future DSS

Table 2. Number of DSS applications listed in the Semantic

Media Wiki with respect to different criteria, one DSS may

be listed at several criteria (April 2013). N�57 DSS.

Criterion

Total number

of DSS

descriptions

Supports short-term (operational)

planning

14

Supports mid-term (tactical) planning 27

Supports long-term (strategic) planning 40

Supports multi-objective planning 41

Supports single objective planning 19

Includes evaluation of market wood

products

47

Includes evaluation of market non-wood

products

13

Includes evaluation of market services 14

Includes evaluation of non-market services 25

Includes predictive forest models 47

Includes optimization techniques 27

Includes MCDM methods 48

Allows spatial analysis with a GIS 27

Includes a database 32
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developments include the use of the Internet to enable

easy access to public data and enhance the capability

of participatory decision-making processes. The way

in which decisions will be made, the time span needed

to derive a decision and the number of people

involved in these processes will determine these

processes. This opens the opportunity for new DSS

applications serving different purposes and utilizing

different architectures. The following features might

be seen as emerging future technological drivers for

DSS development:

(1) Social networking can bring people and their

knowledge together using several technologies

and features: (i) shared voice and visuals (e.g.

video conferencing); (ii) shared photos, music
and videos; (iii) shared repositories of digital

files (e.g. Google Drive, wikis). Additionally, a

widespread dissemination of profiles to a

trusted circle of friends or the wider public

using the new media elements (e.g. blogging,

instant messaging, chat) supports knowledge

management in general (Vacik, Torresan, et al.

2013).
(2) The gaming industry enabled the dissemina-

tion of sociotechnical innovations (e.g. user-

controlled avatars, multiuser interaction,

3D animations). Such enablers make it possi-

ble to support remote collaborative activities

in virtual worlds (e.g. Facebook, MySpace).

Members of distributed teams can even tele-

port their avatars for participating in decision-
making processes anywhere.

(3) Recent developments in the field of GIS web

services (e.g. Google Earth) allow at least

some of the limitations in public participation

processes to be overcome. Spatial analysis and

studies on land allocation are no longer

limited to GIS experts; the broader public is

able to engage in such decision-making pro-
cesses (Bhargava et al. 2007; Thomson et al.

2007).

(4) The ‘‘Internet of things’’ is an additional

driver for future DSS developments. It will

become possible for almost all devices, hu-

mans and processes to be connected to the

World Wide Web with a unique identifier. This

will allow DSS developers to provide services
running on smartphones that communicate

with other publicly available and private data.

The analog-to-digital transition in technology

is expected to lead to the success of forestry

programs (e.g. Tang et al. 2009).

In a survey of DSS applications in a broad range

of disciplines, Eom et al. (1998) found that over the

period from 1988 to 1994 group DSSs, executive

support systems, and knowledge-based systems ap-

plications were identified to become more prevalent in

many organizations. Although management science

and operational research models still played a critical

role, graphics, AI and visual interactive modeling

started to be part of DSS contributions. This trend is
likely in forest science as well.

Considering the future methodological demands, it

might be worth mentioning that soft systems metho-

dology and qualitative modeling approaches will have

an increased potential in supporting collaborative

planning (Khadka et al. 2013; Vacik, Kurttila, et al.

2013). Most current DSS approaches have a weak link

to problem structuring and do not include qualitative
modeling techniques (Hujala et al. 2013). However,

compared with the expected future changes in the field

of forest management as well as information technol-

ogy, the advances in the methodological field in general

might not contribute to such a large extent as a future

driver for DSS development.

5. Conclusions

During the last decades, forestry has passed through a

considerable change of its sociocultural acceptance

and public perception. Due to the often conflicting

interests in land-use planning, decision makers recog-

nized the need to involve stakeholders who are

affected by the decisions they take, and who have

the power to influence their outcome. Through

growing public participation in decisions about the
management of natural resources, new demands

emerged for tools that support understanding of

environmental issues, developing and evaluating al-

ternatives and projecting the consequences of differ-

ent courses of action. Given the huge uncertainties

regarding to future environmental conditions as well

as societal demands adaptive management has re-

cently been viewed as a very promising conceptual
framework for implementing strategic ecosystem

management. The need for climate change adaptation

has evoked additional interest in adaptive manage-

ment approaches in decision support as well.

Hence, the different issues emerging in forest

management stimulated the development of DSSs

and increased the demand to integrate various

techniques, models and methods in a holistic and
flexible manner.

Scientific research tries to cover the different

demands by improving models, introducing new

methods and holistic planning approaches in DSS.

The different expectations on decision support led

therefore to very complex DSS development projects

which cause several dilemmas. On one hand, decision

analysts and scientists try to cover the complexity of
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the real world with sophisticated models and meth-

ods, which have the potential to overwhelm decision

makers and DSS users. The more complex the

demands from policy and the more diverse the

expectations of various user groups become, the

more complex models will be designed for use in

DSS. On the other hand, users expect easy to use and

smart tools similar to their day-to-day experience

with software in their own working environment or

Apps running on their Smartphone. In this context,

the design of the GUIs of DSS and the underlying

models and methods becomes challenging. The way in

which reality is represented in a DSS is depending on

the context of the decision support application, the

perspective of the actor and the needs of the under-

lying decision problem. The general purpose of the

tool is strongly related to the kind of knowledge

transfer processes that should be addressed (Vacik,

Torresan, et al. 2013). The higher the demand for

meaningful cases and topics is, the more emphasis will

have to be put on the way in which information is

presented (cf. Harteveld et al. 2010). To lower the

barrier for the general use of DSS, more importance

has to be given on the consideration of the joy and

play factor in the design. Highly motivated and

interested decision makers are more likely to conduct

a repeated analysis with a decision support tool.

Therefore, the development of DSS is causing several

dilemmas concerning the meaning, reality and play

factor in accordance to the conceptual framework of

Harteveld et al. (2010).

Whether a DSS is intended to be used at the scale

of an individual private property or at regional to

continental scales for policy-makers, the ease of use is

a strong factor for its acceptance. Ease of use is a

combination of the system’s clarity of purpose, inter-

face and support. All three factors are crucial to the

adoption and success of a DSS (Reynolds et al. 2005).

In the near future, the emerging possibilities of new

technologies could allow the development of very

smart software applications also in the forest domain

(cf. Rosset et al. 2013; Tóth et al. 2013). However,

there is a widening gap between such smart software

applications and the growing complexity of models

and tools which forest science is developing to meet

the information demands of users. These discrepan-

cies will become larger, as long as the demands rise

and the DSS community attempt to meet these

demands. This might lead to a decoupling of the

research community working in the field of forest

DSSs from the emerging field of advanced analytics

and smart technologies.

The expectations of web users for easy-to-use

software applications as well as smart technologies

on tablets and smartphones are growing day by day.

The way in which potential users perceive tools to

support decision-making is changing very rapidly as

the decision makers of tomorrow are growing up with

different technologies. It might therefore be very

challenging for the forest science community to cope

with the rising technological possibilities and related

expectations in DSS development, as the resources

used and the number of software engineers to develop

such smart applications may not be available.

There are a number of lessons that can be learned

from the successes and failures of DSS development

efforts to date. Among the most important is that a

clear focus on the decision-making process that shall

be supported as well as on the target user is crucial. If

a decision support tool attempts to do everything for

everyone, without a clear focus on the decision

problem to be supported, it is likely to be too complex

to use and is unlikely to be adopted and actually used

in practice. Another lesson to be learned from past

development is the need for transparency. DSSs using

‘‘black box’’ techniques and advanced analytics may

produce good information and are able to compute

large data-sets in acceptable time, but if users cannot

follow the reasoning used by the system, they are

unlikely to accept its recommendations, no matter

what the merits may be. Transparency and under-

standing of the formal reasoning mode of a decision

support tool/system by users cannot be substituted by

improved visualization and reporting capabilities.

There is a need to come up with a conceptual

framework which allows integrating scientific disci-

plines and finding common ground for developing

DSS according to the end users’ needs (Eom & Kim

2006). Rauscher (1999), Oliver and Twery (1999) and

Reynolds et al. (1999) laid theoretical and practical

groundwork, respectively, for thinking about how to

apply DSSs to the emerging paradigms of forest

ecosystem management with a focus on US forests.

The more general a system is intended to be, the more

adaptable it must be on the programming side,

because the developers will need to alter, add and

remove many features as they encounter new users in

new situations. Thus, interoperability and modularity

can be an important feature in the design of a system.

On the other hand, modularity and adaptability

increase complexity, so systems designed for limited

uses can be developed much faster and will be much

easier to learn (Reynolds et al. 2005).
The need to focus on targeted audiences for

developing successful DSS applications will force

decision analysts and researchers to tailor DSSs to

user needs. The increasing trend to simple applica-

tions and modularity of tools will support the design

of new DSS architectures, which can be easily adapted

to these demands. A general ‘‘toolbox’’ approach,

which allows to combine various decision support

tools that support different phases of the decision-
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making process will become more important in the

future (cf. Rammer et al. 2013). Considering the

constraints of limited funding for DSS development

within various research, technology and development

projects, a toolbox approach can be easily adapted

and allows a continuous development and improve-

ment of the existing tools over several individual
project cycles.
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Kändler G, Kenk G, Kublin E, Nagel J, Pukkala T,
Skovsgaard JP, Sodtke R, Sterba H. 2002. Recommen-
dations for standardized documentation and further
development of forest growth simulators. ForstwCbl.
121:138�151.

Pretzsch H, Grote R, Reineking B, Rotzer Th, Seifert St.
2007. Models for forest ecosystem management: a
European perspective. Ann Bot. 101:1065�1087.

Pretzsch H, Utschig H, Sodtke R. 2006. Applications of tree
growth modelling in decision support for sustainable
forest management. In: Hasenauer H, editor. Sustain-
able forest management. Berlin, Heidelberg: Springer;
p. 131�150.

Pukkala T. 2003. MONTE, Calculation and planning
program for even-aged and uneven-aged forests of
Catalonia. User’s guide. Joensuu.

Rammer W, Schauflinger C, Vacik H, Palma JHN, Garcia-
Gonzalo J, Borges JG, Lexer MJ. Forthcoming 2013. A
web-based ToolBox approach to support adaptive forest
management under climate change. Scand J For Res.

Rauscher HM. 1995. The forest management advisory
system. AI Appl. 9:60.

Rauscher HM. 1999. Ecosystem management decision
support for federal forests in the United States: a
review. For Ecol Manage. 114:173�197.

Rauscher HM, Lloyd FT, Loftis DL, Twery MJ. 2000. A
practical decision-analysis process for forest ecosystem
management. Comp Electron Agri. 27:195�226.

Rauscher HM, Reynolds KM, Vacik H, editors. 2005.
Decision support systems for forest management.
Special Issue. Comp Electron Agri. 2:1�3.

16 H. Vacik and M.J. Lexer

D
ow

nl
oa

de
d 

by
 [

U
B

 B
od

en
ku

ltu
r 

W
ie

n]
 a

t 0
5:

24
 0

2 
O

ct
ob

er
 2

01
3 

http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
http://ncseonline.org/ncssf/dss/Documents/?CFID=8462672&CFTOKEN=24917937
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
https://circle.ubc.ca/bitstream/handle/2429/38329/UBC_1964_A1%2520N58.pdf?sequence=1
http://DSSResources.COM/history/dsshistory.html


Rauscher HM, Schmoldt DL, Vacik H. 2007. Information
and knowledge management in support of sustainable
forestry: a review. In: Reynolds K, Rennolls K, Köhl M,
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