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1 Decisions about Forests 
Forest management has been rapidly evolving since the 1990s as concerns for the 

environment, biodiversity, and the provision of ecosystem services have become increasingly 

considered along with the traditional utilisation of forests for timber production (Agnoletti 

and Anderson 2000; Lexer and Brooks 2005). The evolution of forest management can be 

viewed as paradigm shift from purely utilitarian management towards multi-purpose based 

management (Bengston 1994, Mendoza and Vanclay 2008). With this shift, ecosystem 

management, or integrated natural resource management, has developed which promotes the 

application of management strategies that can achieve some future desired state over 

strategies that simply produce some desired mix of resource outputs over time (Weintraub 

and Bare 1996). The development of sustainable forest management (SFM) which involves 

the integrated management of forests for social, economic and environmental goals in a 

manner consistent with the Statement of Principles for the Sustainable Management of 

Forests and Rio Declaration on Environment and Development (Mäkelä et al. 2012) has 

explicitly create a paradigm where conflicting objectives must be management for (ex. 

conservation of biodiversity vs. maintenance of economic benefits) (Waeber et al. 2013). 

SFM has also become increasingly complex due to climate change, a broadening portfolio of 

management objectives, and the need for societal participation (Wolfslehner and Seidl 2010). 

The explicit inclusion and recognition of social and cultural values in SFM is increasingly 

being advocated (Bengston 1994; Gough et al. 2008).  As a result, an increasing number of 

natural resource management approaches have attempted to span various spatial and temporal 

scales while incorporating and addressing elements and principles that consider multiple 

disciplines and involve a multitude of stakeholders which represent a growing array of values 

and interests within the planning and implementation process (Born and Sonzogni 1995; 
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Holling et al. 1998; Lal et al. 2001; Gough et al. 2008). Forest managers must not only deal 

with the growing complexity that arises from the increasing number of expectations of the 

forest expressed by a growing number of values and increasing number of stakeholders but 

also they face increasing risk and uncertainty due to changing frequencies or magnitudes of 

external forces such as climate, disturbance, and economic or technological changes. Forest 

managers also have to deal with the challenge of resolving these complex issues that span 

spatial scales that range from stands of a few hectares to landscapes that are tens of thousands 

of hectares in size and temporal scales that can range from hours to decades to centuries 

(Waeber et al. 2013). A further complexity has been to found to exist within the decision 

makers themselves as clear tendencies exist which foster toleration for unsolved problems 

rather than to accept solutions they don’t fully understand (Seidl and Lexer 2013). This 

requires increasingly sophisticated methods for developing and evaluating alternative 

strategies of forest management which in turn must articulate outcomes in a clear and 

simplistic manner.  

 

Decision making is central to forest management planning (Kangas et al. 2008). Decision 

making involves choices between distinct alternatives and is based on three elements: 

information, alternatives, and preferences (Bradshaw and Boose 1990; Kangas et al. 2008). 

According to Belton and Stewart (2002), decision-aid or support processes consist of three 

phases: problem structuring, model development, and using the model to inform decision 

makers and challenge alternative thinking.  Due to the increasing number of values, forest 

uses and changes in forest stressors decision making is becoming increasingly multi-

dimensional and characterised by increased uncertainty. Uncertainty may therefore occur in 

all the parameters of a decision problem, and the future outcomes and consequences of some 

or all of the parameters and the decisions taken may as a consequence be uncertain (Kangas 
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et al. 2008). Decision problems are therefore being increasingly related to risk and 

uncertainty that can be characterised by three components: (1) decision alternatives; (2) states 

of nature; and, (3) consequences of actions (Kangas 1994).  The consequences of actions are 

determined by the type of action, which is pre-determined by the decision alternatives and by 

the external forces or factors that are beyond the decision makers’ control (Kangas et al. 

2008). Under risk, the probabilities of a state of nature as well as the distributions of 

probabilities of the consequences of the actions are known; if they are unknown, then 

uncertainty prevails (Ananda and Herath 2003). The achievement of SFM requires the 

incorporation of both risk and uncertainty into long-term planning (Nitschke and Innes 2008). 

The complexity of social and ecological systems however presents difficult forms of 

uncertainty and risk for land managers (Borchers 2005). This can lead to any assessment of 

risk still containing a substantial degree of uncertainty. In any decision-making process, 

uncertainty therefore can exist which can lead to risk-taking (Blennow and Sällnas 2005). 

Decisions made under uncertainty occur because of our inability to assign or estimate the 

probability of a natural event or state occurring that influences forest planning (Davis and 

Johnson 1987). Decisions made under the definition of risk occur when there is information 

about future events or states that allows one to assign or estimate the probability of an 

expected outcome (Davis and Johnson 1987; von Gadow 2001). Assessment or predictions of 

risk for various events are therefore important for successful forest management (Schmoldt 

2001).  

 

In response to the diversity of forest management actions and the ensuing complexity they 

represent an array of decision support tools have evolved (Lexer and Brooks 2005). To 

provide guidance, decision support systems (DSS) have increasingly being developed and 

used to improve the robustness and transparency of the decision making process (Lexer and 
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Brooks 2005). DSSs are computer-based systems that aim at providing support to solve 

complex decision problems (Rauscher 1999). DSSs are tools that help evaluate the various 

courses of action in terms of the desirability of their outcomes. As such, DSSs must be able to 

accomplish at least three tasks: (1) estimate the consequences resulting from each decision 

alternative; (2) correctly define and incorporate what constitutes a “desirable outcome”; and, 

(3) offer a means of identifying some alternatives as more desirable than others. In the 

context of forest management, decisions can range from harvest scheduling to land 

conservation; sustainable yield of timber to water and to a factorial of land use and 

management actions.  The consequences and desirability may be of interest to government, 

industrial operators, non-government organisations (NGOs), indigenous groups, and 

community forest managers. In the latter case, stakeholders could have a larger and more 

diversified set of values which would call for a different decision support process than the 

industrial operator which may have a relatively simpler set of values. At broader landscape 

scales the consequences and desirability of management outcomes can incorporate the 

interests and values of many of the aforementioned groups. The number of possible 

combinations of decisions, consequences of interest, and sets of values that forest 

management encompasses can therefore range from a few to boundless. A DSS may not be 

appropriate for every decision making context as decision support tools have different 

properties which affect their aptitude for addressing any given problem. In the next section 

we identify the elements of decision making problems and decision support methods that are 

used in decision support. 



6 
 

2 Problem Structuring 

2.1 Decision Alternatives: defining the decision problem 

DSS are computer-based systems for integrating database management systems with 

analytical and operational research models and the expert knowledge of decision makers to 

assist in solving specific problems (Lexar and Brooks 2005). The purpose of a DSS is to 

guide an individual or group through a series of tasks from problem identification and 

analysis to design of alternatives and selection of an alternative (Mintzberg et al. 1976). 

Articulating the stakeholder’s goals, preferences and management paradigm is at the core of 

decision support. From these attributes, decision alternatives and the type and scope of 

consequences that need to be investigated can be identified. These attributes are essential 

since they form the basis for differentiation amongst alternative approaches and their 

desirability. A DSS should therefore attempts to express some belief about the “world” 

including its complexities and inherent uncertainties.  Scenario-based approaches have been 

used to address and deal with complexity and uncertainty and are particularly useful when 

used in the context of non-linear and paradigmatic changes. Scenario planning is a technique 

that has been used for several purposes (Lindgren and Bandhold 2003): (1) for planning 

reasons, with the aim of developing practical results; (2) as a guide for the development and 

filtering of ideas for projects or management; and, (3) for the evaluation of existing or new 

concepts and strategies. The greater the planning time frame, i.e., the further into the future 

we look, the greater the number of possibilities or possible futures, with some of the 

alternatives being more probable than others. The most desirable future may not even overlap 

with possible futures (Lindgren and Bandhold 2003). As robust as scenario planning is as a 

DSS tool, as spatial and temporal complexity increases it becomes more difficult for 

decision-makers to identify management alternatives that can maximize or balance all the 

decision criteria (Waeber et al. 2013).  To address these constraints collaborative or 
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participatory decision-making are being increasingly incorporated in DSSs (Diaz-Balteiro et 

al. 2009; Waeber et al. 2013). 

 

The temporal and spatial contexts of the decision problem are critical elements in defining the 

decision problem.  The near future bears more certainty and less risk; as such, outputs from a 

DSS are more powerful as they are based on existing relationships not probable ones 

(Lindgren and Bandhold 2003). This means that decisions can be taken under greater 

certainty and reduced risk. The paradigmatic shift towards SFM however has lead to an 

expansion of planning time frames.  With this evolution the existing structural stability is 

replaced by complexity and certainty by uncertainty. One approach used to address these 

issues is to structure a complex problem into different hierarchies. Typically, hierarchical 

structures have been organized into three levels: the strategic level, the tactical level, and an 

operational level (Sessions and Bettinger 2001, Jeakins et al. 2006). At the strategic level, the 

basic goals for achieving what is wanted or desired are identified and formulated over longer 

timeframes (e.g., usually more than 20 years). The tactical level is used to define and describe 

the proximate mechanisms on how these goals are achieved (e.g., usually 5–10 years), and 

the operational level details the local actions on the ground (e.g., less than 1–5 years). For 

example, with the goal to “maintain a sustainable timber yield” various decisions could be 

made from how much to harvest per year (strategic) to where on a landscape harvesting will 

take place in a given period (tactical) and to how harvesting will be done at the stand-level 

(i.e. silvicultural system; operational). Which decisions are more desirable depends on the 

preference of stakeholders’ for sustainability, impacts on other forest values, and increasingly 

public acceptance of management actions.  
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Whether the forest is perceived as a set of distinct elements in juxtaposition or as an 

integrated system has further ramifications on framing the forest management problem and 

on which tools need to be drawn upon to link decisions to outcomes. The former relates to the 

use of simple decision support tools that predict single values and assume that the states of 

nature (soil, climate, management methods and biotic circumstances) are expected to remain 

unchanged (Kimmins et al. 2008). The focus on a single value, typically growth and yield of 

timber, dates to the beginnings of forest management in the 1700s; however, the reality is that 

current issues in forest management are complex because they are related to ecosystems and 

not merely to its sub-components (Kimmins et al. 2008). The acceptance that natural 

resources are derived from complex systems with overlapping components has lead to three 

main implications: the first is that all components of a system are interconnected and 

necessary (Leopold 1966). The second is that such inference has led to the expansion of the 

forest management focus from an anthropocentric view (e.g. sustained yields) to emphasizing 

the maintenance of ecological integrity of the forest ecosystem along with the other – more 

human centred – values (e.g. ecosystem based management) (Reynolds 2005). The third is 

that most ecosystems have such a complex web of interacting environmental drivers and 

ecological processes that they exceed the capacity of mental models (Gustafson 2013) and 

contemporary forest decision support tools (Kimmins et al. 2008).   

 

2.2 States of Nature: defining “desirable” outcomes  

Forest management can have long-lasting effects on economic, ecological and socio-cultural 

values (Kangas and Kangas 2005). Despite these effects, forest management decisions are 

typically implemented at the stand level while ecosystem sustainability depends on the spatial 

and temporal interactions of management at larger scales (Martins and Borges, 2007). The 

application of ecosystem management to forests means that managers must consider 
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operational plans at the stand-level in the context of tactical and strategic objectives and must 

consider the potential impacts of their decisions on a broad range of forest attributes related 

to biodiversity, timber, water, carbon storage, recreation and other social and cultural values 

(Seeley et al. 2004). The paradigmatic shifts towards integrated resource and ecosystem 

management at the landscape scale has facilitated the development of DSSs designed to 

accommodate the spatial-temporal complexity associated with the development and 

evaluation of alternative management scenarios (Seely et al. 2004). These DSSs however 

must be populated with objectives and their associated measurement criteria along with 

alternative management actions that attempt to satisfy objectives (Reynolds 2005).  Selecting 

objectives for use in a DSS is a value-laden process that requires the incorporation of the 

values and risks of relevant stakeholders, while recognising that the perceptions of risk and 

value will vary across society (Weiss 2001). Variables that represent relevant stressors which 

are defined as any physical, chemical, or biological entity that can induce an adverse response 

and /or ecological affect that has an undesirable outcome on the structural or functional 

characteristics of an ecosystem need also to be considered in conjunction with the values and 

objectives of stakeholders and the public (Nitschke and Innes 2008). From this stage, 

important social values and essential ecological processes can be used to select a DSS that 

captures the system dynamics and produces the key indicators for scenario assessment 

(Sturtevant et al. 2007). An integrated view of social and ecological aspects is also critical for 

implementing management actions that promote the sustainable management of forests under 

changing conditions (Seidl and Lexer 2013). 

 

2.3 Consequences of Actions: computing and evaluating decision outcomes 

Once the decision problem is framed, a DSS needs to be selected to evaluate the possible 

actions and the desirability for each possible outcome. A DSS must be able to represent the 
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causal and interdependent relationships between decisions and outcomes and to estimate the 

measure of uncertainty over variables influencing the decision and the outcomes. The ability 

of the DSS to provide a strong versus weak test of SFM must also be considered (Reynolds 

2005). A DSS that can provide an explicit evaluation of a wide range of indicators that 

represent multiple values (i.e. timber, water, biodiversity, social, cultural, and economic 

benefits) with minimal assumptions about forest condition and values will provide a strong 

test (Reynolds 2005). A DSS that provides a weak test of SFM is one that focuses on one or 

few values and assumes that the maintenance of forest structure over time and space will 

maintain other forest values (Reynolds 2005). The traditional tools are synonymous with 

producing a “weak” test of SFM. Addressing multiple criteria and multi-stakeholders, often 

with conflicting interests, requires a more flexible and versatile DSS than ‘‘traditional’’ 

simulation and optimisation tools (Kangas and Kangas 2005). The “weak” test DSS will 

likely be inexpensive and easy to apply while the “strong” test is likely to be expensive and 

time consuming (Reynolds 2005). Nonetheless, in the era of ecosystem management and 

SFM, DSSs that provide a strong test of SFM are essential for assisting forest managers in 

balancing an increasing diversity of resource objectives (Sturtevant et al. 2007; Waeber et al. 

2013). 

 

DSSs that are capable of providing a strong test of SFM are systems that include multi-

criteria decision analysis (MCDA) and/ or optimisation and/ or simulation modelling tools 

that incorporate multi-criteria analysis (MCA), such as  the Analytic Hierarchy Process 

(AHP), and knowledge-based systems that provide a framework for collaborative and/ or 

participatory engagement (Reynolds 2005; Sturtevant et al. 2007). Models, geographic 

information, spreadsheets, and databases systems are critical components of a DSS but are 

not by definition DSSs instead they should be considered as tools within a DSS framework 
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(Reynolds 2005). This highlights that for a DSS to be robust and useful to the decision 

making process it must provide a reliable scientific assessment of alternative scenarios that 

are developed through participatory approaches and applied in a collaborative modelling 

process (Sturtevant et al. 2007; Bohnet et al. 2011). The selected DSS must be able to 

accommodate the complexity of coupled human-natural systems, while at the same time 

being able to communicate outcomes with clarity and simplicity (Seidl and Lexer 2013). 

Bohnet et al. (2011) classified the use of modelling in decision making as projective or 

predictive approaches and participatory approaches as an explorative approach to decision 

making.  On their own these approaches do not provide a holistic decision making approach. 

The combination of predictive and explorative approaches is therefore advocated but within 

these two broad classes exists many alternative modelling and participatory methods that can 

be used to assess and evaluate alternative decisions.  

3 Predictive, Projective and Explorative Approaches to Decision Support 

3.1 Predictive and Projective Approaches 

Traditionally, forest planning has been conducted with the aid of decision-making tools that 

focussed on optimising economic (ex. net present value) or wood production objectives 

subject to constraints (Bettinger and Chung 2004).  The focus of research into decision 

making was concentrated on developing linear programming, integer programming or 

heuristic models that attempted to maximise timber flows while satisfying non-timber 

objectives (Boyland et al. 2006). The initial models were timber supply models that utilised 

simple habitat constraints (Nelson 2003). Many forest planning models now incorporate 

wildlife, habitat, biodiversity, carbon, water, and timber values though one value is typically 

set in the objective function with other values represented as targets, goals, or constraints 

(Bettinger 1997; 1998, Boyland et al. 2004; Krcmar et al. 2005; Keleş and Başkent 2007; 
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Başkent and Keleş 2009; Keleş 2010). The ‘‘best’’ or “optimal” is usually defined in terms of 

highest volume harvested or most profit obtained (Boyland et al. 2006). Many of the timber 

supply/ harvest scheduling models have evolved into large, multiple-objective forest-level 

models that simulate landscape patterns and structure (Nelson 2003; Boyland et al. 2006; 

Mathey et al. 2007). The use of heuristics has facilitated the solving of computationally 

difficult planning problems that linear and integer programming approaches are unable to 

solve; however, heuristic approaches still have difficulty in formalising spatial objectives (i.e. 

connectivity, reserve formation) during the planning horizon (Mathey et al. 2007). 

Decentralized and bottom-up modelling approaches, such as cellular automata, which 

represent discrete dynamical systems whose behaviours are influenced by local relationships, 

have been advocated for improving the ability of forest planning models to capture the spatial 

and temporal interconnectedness of forest management parameters (Strange et al. 2002; 

Mathey et al. 2008). The more recent development of cellular automata based planning 

models using co-evolutionary algorithms (Mathey et al. 2007) has been shown to overcome 

these spatial limitations and allow for spatial objectives and global objectives to be robustly 

modelled (Mathey et al. 2008, Mathey and Nelson 2010). Despite the evolution from single 

to multi-objective and a-spatial to spatial contexts the decision process within these models is 

still focussed on the timing/ location of management activities (i.e. harvest scheduling) by 

algorithms designed to seek the best or optimal solution to a perceived problem (Mendoza 

and Prabhu 2006; Mathey et al. 2008). In reality, an “optimal” or “best” solution is unlikely 

to exist however (Mendoza and Prabhu 2006). These models are therefore convenient in 

generating a compromising outcome that attempt to satisfy all goals and constraints however 

the complex interactions between different components in an ecosystem can limit their use in 

decision-making (Turner et al. 2002). 
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Today, there are two forms of decision making models; normative (optimisation by exact or 

heuristic methods) and descriptive (simulation) (Boyland et al. 2006; Mathey et al. 2008). 

Within the forest planning model paradigm, simulation models predict the consequences of 

harvest policy on sustainable volume and landscape attributes and structure given a set of 

constraints and simple harvest rules while optimization models find the combination of 

management actions that produce the best objective levels (Boyland et al. 2006). The pros of 

optimization approaches are that they directly address the objectives and provide precise 

solutions; the cons are that they are constrained by the large size of planning problems and 

the nonlinearity of spatial relationships (Mathey et al. 2008). For optimisation techniques the 

complexities defining forest management problems suggests that“optimal” solutions are 

unlikely to exist (Mendoza and Prabhu 2006). The pros of simulation modelling is that they 

can accommodate the non-linear patterns that emerge as the consequence of multiple distinct 

events, are more holistic and flexible in modelling forest dynamics and management and can 

efficiently process large planning problems; the cons are that this approach does not address 

management objectives directly but rather describes the effect of decision alternatives on the 

modelled forest (Mathey et al. 2008).  To address issues of dynamism in the environment 

process-based simulation models have been increasingly advocated as a method for 

addressing multiple environmental factors (Shifley et al. 2006; Gustafson 2013). Simulation 

models have been developed to assess the cumulative impact of stand-level forest 

management activities on economics, nutrient balances, and biodiversity indicators through 

the simulation of forest operations, tree growth, regeneration, mortality and decay of dead 

wood at the landscape scale (Andersson et al. 2005). Landscape-level disturbance and 

succession models (LDSM) have also been developed that simulate the impacts disturbance 

(ex. fire, insects, drought, and wind), harvesting, and climate on forest composition and 

spatial pattern (Scheller et al. 2007; Gustafson and Sturtevant 2013).  Though these models 
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can address issues of environmental uncertainty they only provide metrics to assess 

environmental outcomes of management they do not address social or economic values. 

Despite these issues, in the debate between optimisation and simulation, landscape simulation 

models are often regarded as the best tools for predicting future forest conditions and the 

long-term, large-scale outcomes of management actions (Shifley et al . 2006).  Regardless of 

model choice the singular application of these models in a decision making context is 

predictive and will likely provide only a weak test of SFM. The complexities facing forest 

managers highlights that forest-level planning models are just one component that is needed 

to address the shift to multiple-objective forest management planning (Nelson 2003) and 

provide a strong test of SFM.   

3.2 Explorative Approaches 

Forest managers can better align their policy and practices with public perceptions if values 

are incorporated in the planning process as values and beliefs are important underlying 

factors in social acceptability judgments (Ford et al. 2009b).  The development of 

management scenarios is challenged however by the social context and ecological and 

economic dynamics of the system (Maness and Farrell 2004).  For example, when 

information is inconsistent with one’s personal beliefs about the consequences of a particular 

management action it may not be used to judge if a management action is social acceptable 

(Ford et al. 2009a). Despite these issues, Bengston (1994) describes three benefits to 

managers for understanding social values: (1) aid in establishing forest management 

objectives by increasing the understanding of the relative importance of different outcomes of 

management to the public, (2) helping managers predict how people will react to particular 

forest practices; and, (3) analysis of values can help in understanding and managing value 

conflicts. To aid in the development of management objectives and scenarios a range of 

approaches have been applied to recognise and incorporate social objectives and values. For a 
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comprehensive review of scenario development techniques see Bishop et al. (2007). The 

application of participatory models is increasingly occurring in SFM as it provides a method 

for incorporating local communities and stakeholders into the planning process (Mendoza 

and Prabhu 2006). Participatory models are typically broad and strategic in nature rather than 

operational or tactical and focus on understanding the problem rather than solving it 

(Mendoza and Prabhu 2006). Participatory-based approaches can assist local communities 

with diverse stakeholder interests to develop sustainable strategies for their regions by 

facilitating the incorporation of local knowledge, perspectives, and priorities which in turn 

can lead to the development of more effective, locally based, and long-term strategies for 

addressing complex problems (Castella et al. 2005; Valencia-Sandoval et al. 2010). As such, 

participatory methods have become an important tool for incorporating stakeholder 

involvement and for defining and balancing different objectives (Mäkelä et al. 2012).   

 

The use of participatory approaches is critical for SFM as determining the relative importance 

of objectives is a significant challenge but critical to scenario development (Maness and 

Farrell 2004). While participatory methodologies are strong in terms of inviting participation 

they typically lack in their ability to provide a structured framework from which management 

alternatives and strategies can be analysed and evaluated in a robust and quantifiable manner 

(Mendoza and Prabhu 2006). The quantification of alternative management scenarios and 

strategies is an important step since it allows for the desired future conditions to be defined 

which in turn form the basis of the decision analysis (Olsen and Orr 2009). Multi-criteria 

analysis (MCA) techniques have been widely adapted to structure and implement criteria and 

indicators (C & I) for the assessment of SFM (Wolfslehner et al. 2005). MCAs provide a 

structured process for developing scenarios based on a collaborative process that combines 

expert evaluations and stakeholder input stakeholders to weight criteria and/or management 
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objectives (Sheppard and Meitner 2005).  There are numerous approaches for eliciting 

judgments and weights for objectives which are described in detail by Mendoza and Martins 

(2006); common approaches are: voting models, aggregation of partial utility/ value 

functions, paretian analysis, game theory, vote-trading models, interactive approaches, public 

value forums, and analytic hierarchy processes (Sheppard 2005). Role playing has also been 

found to be effective for defining scenario objective weights (Castella et al. 2005) as has 

public multiple criteria analysis (Sheppard and Meitner 2005). One of the most frequently 

applied decision support techniques in natural resources management is the Analytic 

Hierarchy Process (AHP) (Saaty 1977; 2001) (Schmoldt et al. 2001; Wolfslehner et al. 2005). 

An AHP consist of three components: (1) Problem structuring where goals and criteria are 

identified and defined in a hierarchical structure, (2) evaluation of the problem by 

stakeholders through the judging and comparisons of elements at each hierarchical level 

(each element of the AHP structure is rated by identifying the relative importance of the 

elements in the criteria and sub-criteria); and, (3) synthesis (calculation of relative weights 

and local priorities to global and overall priorities). Elements within and AHP can include 

objectives, scenarios, events, actions, or outcomes that best describe the criteria listed within 

the hierarchy (Schmoldt et al., 2001). The final result of the AHP is a numeric value that 

indicates the relative priority of each of the management alternative in achieving the 

management goal (Waeber et al. 2013). Waeber et al. (2013) used a participatory-based 

approach in combination with an AHP analysis to develop alternative management scenarios 

for forest managers of the southwest Yukon Canada. The participatory approach involved a 

local reference group to define desirable future conditions (management themes), tactics, and 

local forest values and an expert group to characterise the importance of each forest value 

given the management theme and tactics available.  Hajehforooshnia et al. (2011) used an 

AHP to assign weights to criteria for land use zoning and linked these to a GIS based MCDA 



17 
 

approach (weighted linear combination approach) to create spatial maps of criteria and 

constraints which were then used in to delineate management zones in a wildlife sanctuary in 

Iran.  The approach used by Waeber et al. (2013) enabled the exploration (participatory) and 

quantitative comparison (AHP) of alternative strategies however the approach, as with most 

explorative approaches, did not explicitly test outcomes in time and space. The approach used 

by Hajehforooshnia et al. (2011) combined the weighting of values by stakeholders but did 

not incorporate management alternatives nor did it explore the predictive outcomes of 

zonation on land use values. These approaches though inherently important to the decision 

making process do not provide for a strong test of SFM as they do not allow the 

consequences of the alternative actions on environmental and social values to be explicitly 

tested in time and space. 

3.3 Combining Explorative and Projective Approaches  

To address the limitations of explorative approaches the outcomes from participatory studies 

are being combined with decision making tools that enable a rigorous selection of the most 

preferred alternative when several criteria are considered simultaneously (Mendoza and 

Prabhu 2000). Many of today’s complex forest management planning challenges are 

addressed using Multi-Criteria Decision Analysis (MCDA) methods, each with its own set of 

characteristics and techniques for a specific decision situation and planning context (Kangas 

and Kangas, 2005). For a classification of methods, see Diaz-Balteiro and Romero (2008).  

For a comprehensive review of MCDA approaches and frameworks see Mendoza and 

Martins (2006). MCDA are frameworks for analysing complex multi-objective decision 

problems and as such are widely used in forest management planning. MCDAs are highly 

complex mathematical models that permit the evaluation of multiple criteria and indicators 

(C&I); the exploration of trade-offs between competing objectives; and can quantify 

uncertainty to a degree (Mendoza and Prabhu 2000; Prato 2000; de Steiguer et al. 2003; 
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Sheppard 2005). MCDAs are projective in nature however as they forecast likely land use 

and management scenarios based on past trends and actions (Bohnet et al. 2011). The 

application of MCDA typically involves the evaluation of alternative management scenarios 

across a range of different criteria and indicators, creating a matrix within which the 

performance of each scenario is assessed (Sheppard and Meitner 2005). Linear optimisation, 

multi-objective optimization and goal programming are common methods used in MCDA to 

evaluate alternative management scenarios across a range of different objectives and 

indicators (Hjortso and Straede 2001; Diaz-Balteiro and Romero 2004; Maness and Farrell 

2004; Krcmar et al. 2005). When the criteria and indicators are based on participatory 

approaches an MCDA becomes a decision-support system that has clear applications for SFM 

planning (Mendoza and Prabhu 2000). Reynolds (2005) stated that goal-driven MCDA 

systems can support strong tests of SFM as they can allow for the effects of change on 

multiple of states and processes to be assessed. In combination with AHP techniques, MCDA 

frameworks can used to define objectives, identify criteria to measure and assess the stated 

objectives and thus provide support for a strong test of SFM (Reynolds 2005; Stirn 2006) 

which in turn will assist in the development and selection of decision alternatives (Ananda 

and Herath 2009). A good example of a MCDA model linked with AHP is provided by Stirn 

(2006) who developed a DSS based on fuzzy, dynamic and multi-objective models which can 

select the sequence of decisions that jointly maximizes economic, ecological and social 

objectives, while maintaining constraints.  Another example is provided by Vacik and Lexer 

(2001) who developed a spatially explicit DSS to aid in silvicultural planning of forests 

managed for sustained yield of water resources based on a combined AHP-MCDA approach.   

 

Given that optimization and goal programming approaches are commonly used in MCDA 

models the same pros and cons that apply to normative models that have been developed for 
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forest planning problems pertain (see above). While MCDAs can directly address the 

objectives and provide precise solutions but they are constrained by the nonlinearity of spatial 

relationships (Mathey et al. 2008). They also fail to incorporate sufficient representation of 

key ecological processes and conditions to make plausible forecasts of changes in ecological 

and social values at relevant spatial and temporal scales (Kimmins et al. 2008). In addition 

the complexities of current forest management problems suggest that “optimal” or “best” 

solutions are unlikely to exist (Mendoza and Prabhu 2006). They are also limited by their 

inability to reconcile both aspatial goals (e.g., harvest or cash flows) and spatial goals such as 

dynamic changes in the resources on the land base (see Başkent and Keleş 2005; Bettinger 

and Chung 2004). The normative structure of MCDAs is also problematic when dealing with 

climate change as they are limited in their ability to address the novel conditions of the future 

as they are based on relationships from the past (Gustafson 2013). The ability for MCDAs 

therefore to provide a strong test of SFM under dynamic and uncertain futures is weakened 

by their projective/ normative nature. 

3.4 Combining Explorative and Predictive Approaches  

To achieve a strong test of SFM, ecologically based forecasting tools (i.e. ecosystem 

management models) that incorporate sufficient representation of key ecological processes 

and conditions that can make plausible forecasts based on both ecological and social values at 

relevant spatial and temporal scales are needed (Kimmins 2002). Models can no longer focus 

strictly on the management of individual trees or stands, but rather they must be able to 

consider stands in the context of the landscapes in which they exist (Seely et al. 2004).  The 

need to consider climate change has also highlighted a further challenge to DSSs as the 

environment which characterises model inputs and behaviours must be considered to be 

dynamic not static as traditionally assumed (Wolfslehner and Seidl 2010).  Models therefore 

need to move from empirical approaches (normative) to mechanistic approaches (simulation) 
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to address the novel conditions of the future (Gustafson 2013). Process-based simulation 

models provide a method for addressing multiple environmental factors and issues of 

dynamism and uncertainty in the environment (Shifley et al. 2006). Landscape-level 

disturbance and succession models such as LANDIS-II that can simulate the impacts of 

disturbance (ex. fire, insects, drought, and wind), harvesting, and climate on forest 

composition and spatial pattern (Scheller et al. 2007; Gustafson and Sturtevant 2013) are 

important pools for supporting strong tests of SFM.  Another approach being increasingly 

used is to develop toolkits that contain different models that operate on different scales, 

spatially and temporally, and structurally (Seely et al. 2004, Wallman et al. 2005; Sturtevant 

et al. 2007; Bohnet et al. 2011). The combinations of models into toolkits are commonly 

referred to as meta-models and when used in the context of DSS they are referred to as 

hierarchical decision support systems that can enable the modelling of stand dynamics, stand 

productivity, habitat, biodiversity, hydrology, and the visualisation of management outcomes 

amongst others (Nelson 2003; Seely et al. 2004; Sturtevant et al. 2007). Hierarchical meta-

models such as UBC-FM developed by Seely et al. (2004) are critical components of a DSS 

that can support a robust test of SFM. Combining MCDA approaches with simulation 

approaches is another meta-modelling approach which can allow for the interactions between 

ecosystem components to be addressed within a normative modelling framework (Turner et 

al. 2002). Hjortso and Straede (2001) combined a simulation model with a multiple criteria 

decision making (MCDM) model to explore alternative management scenarios on forest 

harvesting and the provision of non-timber forest values.  The simulation model was used to 

model relationships between forest structure and non-timber forest value functions while the 

MCDM addressed the multiple management criteria as objective functions and constraints 

(Hjortso and Straede 2001).  Though these MCDA meta-models can address issues of 

environmental uncertainty and provide metrics to assess environmental outcomes of 
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management they do not directly address social values and have not explicitly addressed 

climate change. 

 

For a meta-model to be applicable to SFM it must be able to the represent the different 

aspects of ecosystem functioning and societal value that are represented in the criteria and 

indicators of SFM (Mäkelä et al. 2012). While meta-models provide outputs that aid in the 

biophysical and economical implications of forest management aimed at addressing multiple 

objectives, social values are usually addressed in terms of a scenario-based approach with 

alternative management scenarios applied within these decision support models (Seely et al. 

2004, Maness and Farrell 2004; Bravo et al. 2012). The development of alternative scenarios 

that address/ incoporate social and economic dimensions is therefore critical for achieving 

outcomes that are relevant to SFM (Sturtevant et al. 2007). The DSS developed by Bohnet et 

al. (2011) is a good example of a meta-model that combines predictive approaches with 

explorative approaches to aid in decision making; likewise, the collaborative modelling 

framework present by Sturtevant et al. (2007) provides an approach that links simulation 

meta-modelling with scenario development and evaluation in turn fostering local 

participation.  The UBC-FM developed by Seely et al. (2004) links model outcomes to 

visualisations to engage stakeholders in scenario evaluation which links predictive outputs 

with explorative outcomes to facilitate decision making. They key to using these predictive 

meta-models is transparency and active participation in scenario development and model 

analysis (Mendoza and Prabhu 2006). 

3.5 Judging social acceptability: the communication of model outcomes  

Irrespective of the evaluation approach used to assess alternative management actions/ 

strategies it is important to continue the participatory approach through the analysis stage to 

ensure a strong test of SFM is delivered.  Meta-modelling approaches have been advocated as 
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methods for integrating ecological and forest planning models that derive the biophysical 

attributes which when linked to visualisation systems can effectively communicate the 

outcomes of alternative approaches to stakeholders and the public (Kimmins 2002; Seely et 

al. 2004). Communication of knowledge from forest managers to the public is an important 

step for increasing public understanding and gaining support for management actions 

(Shindler et al. 1996).  Information on indicators of consequences and animated sequences 

showing changes in forest structure through time are important attributes required for judging 

social acceptability (Ford et al. 2009a). Communicating outcomes in this manner is important 

as the process of addressing visual management objectives or scenic beauty constraints in a 

DSS will not insure public acceptance as there are deeper social reasons that underlie public 

perceptions of sustainability (Ford et al. 2009b).  For these reasons the visualisation of 

alternative management strategies within a participatory framework is important to the DSS 

process and has been found to convey complex information quickly and relatively simply 

which in turn can provide a comprehensive, engaging, open, and accountable decision 

making process (Sheppard and Meitner 2005).   

4 Fitting it Altogether 

Current knowledge states in landscape ecology, biology, economics and management 

sciences demonstrate that forests are complex co-evolutionary systems with changing 

functional controls in the ecosystem, in the economy and in the society (Holling et al. Berkes 

and Folke 1998, Ludwig 2001). Decision support systems (DSS), must be capable of not only 

representing ecological processes and implementing management actions but also processing 

the experience and knowledge from a wide range of experts along with the input from public 

participation. These systems must also allow for future uncertainties and novel conditions to 

be accommodated for in the evaluation component.  Decision makers should therefore aim at 
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developing or utilising participatory decision support systems that are underpinned by 

spatially explicit simulation models.  Following Reynolds (2005), Sheppard (2005), Sheppard 

and Meitner (2005), and Sturtevant et al. (2007) some key characteristics of a DSS required 

to provide a robust and strong test of SFM are: 

(1) A clearly structured decision making process; 

(2) Broad representation of stakeholders; 

(3) Collaborative planning and evaluation process; 

(4) Scenario development to reflect alternative management objectives and/ or actions; 

(5) Multi-attribute analysis methods such as AHP, MCA, MCDM structured around 

systems of criteria and indicators;  

(6) Spatially explicit and temporal forecasting of ecological, social and economic values 

over tactical and strategic time periods, which can incorporate environmental change 

and uncertainty; 

(7) Clear and simple communication of information on indicators of consequences and 

visualisations showing changes in forest values and structure so to aid judgements of 

social acceptability of management alternatives; and, 

(8) Provision for adaptive management within the decision making process. 

Step eight is important as it allows for the selected alternative to be implemented or for the 

decision making process to cycle back to the problem identification, scenario development or 

alternative selection steps (Rauscher 1999; Reynolds et al. 2005). As new decision support 

tools become available, existing tools are improved, or environmental, economic, or social 

context changes having a DSS that is flexible to allow for the re-evaluation of management 

objectives as well as criteria and indicators is critical for ensuring selected management 

actions and policies will continue to deliver SFM.  
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5 Incorporating DSS into the development of a SFM Plan 

The decision-making process in SFM comes down to choosing and applying a course of 

action(s) from a myriad of alternatives to a forest management area that incorporates the 

values, desires and potential states of nature that exist within a system. The end result of the 

decision making process is a management plan which recommends a plan of action for a 

forest area, including predictions of the consequences of implementing the plan (Kangas and 

Kangas 2005). In the context of SFM planning which are strategic in context and scope we 

argue that a participatory decision support system that is underpinned by spatially explicit 

simulation models.  For management problems that are tactical in context and and have 

singular or limited objectives that do not require spatially explicit problem solving at large 

scales then normative MCDA approaches are still applicable if linked to explorative 

approaches.  The steps that can be followed to incorporate participatory DSS in to the 

development of SFM plans in illustrated in Figure 1. The framework incorporates pathways 

for utilising classic multiple criteria decision analysis (MCDA) and spatially explicit 

simulation models/ meta-models. MCDA and other normative modelling approaches are best 

suited for simple problems that are a-spatial or have limited spatial constraints and are tactical 

in nature while spatially explicit simulation modelling/ meta-modelling is better suited for 

spatially complex problems that are strategic in nature as they will provide a stronger test of 

SFM under environmental change and uncertainty. Adaptive management loops are provided 

(small dashed lines) to facilitate changes to management scenarios and values within the 

scenario evaluation process and also to inform management following the implementation of 

a SFM plan. Participatory approaches and multiple criteria analysis are critical for scenario 

development while collaborative analysis and communication are key elements for scenario 

selection. The steps outlined in Figure 1 should provide for a strong test of SFM that is 
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adaptive and accommodating of environmental, social and economic objectives in a dynamic 

world.  

 

Figure 1: Conceptual framework for utilising a participatory decision support process with the 
development of a sustainable forest management plan.  
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