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3.5.4 System Dynamics Intervention Process

A prototype water management simulator (WATERSIM) was developed by
the author to assist representatives understand the data they were being given by the
NSW DLWC, to assist the committee in dedsion-making (particularly determining
the cease to pump) and in allocating propationa flow for extradion and to assist
representatives understand the system dynamics approach. To ensure transparency,
comprehension and validity, WATERSIM was developed using data that had already
been given to representatives by the NSW DLWC. No new parameters or data were
introduced. The major sedors of the prototype are flow, maximum extractable water,

flow balance, the cease to pump and water sharing rules (Figure 3.19).

Figure 3.19: Relationships in the Water Management Simulator (WATERSIM) where
the flow balance is increased by incoming flow and deaeased by
extradion. The user determines the allowable maximum amourt of
extradable water is by chocsing a set of water rules. There is a feedbadk
relationship between flow balance and the dlowable maximum amourt of
extradable water.
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Water, under the NSW Water Management Act 2000, is divided into three classes
of water A, B or C. A class is defined as the low flows, B class the median flows, and
C class the high flows (for example during a flood). Determining water-sharing rules
is a statutory task of Water Management Committees. Water sharing rules are
determined by the percentage of flow allocated for extraction from each class of water
(the bulk access regimes (BAR). The maximum amount of water able to be extracted
from a river is defined by the water sharing rules and is known as the Bulk Extraction
Volume (NSW Water Management Act 2000).

Flow in this model is user defined and is actual, or simulated where there are data
gaps, daily flow for a wet, dry or average year. The data has been derived from the
NSW DLWC'’s Integrated Quantitative Qualitative Modelling (IQQM) data, which is
currently forming the information base for decision-making by the NRWMC. The
flow balance is a balance between actual flow and water extracted. The Cease To
Pump (CTP) is a trigger level set by the NRWMC at which flows are considered so
low that pumping must cease. Prior to the Water Reforms, the CTP has been visual
flow.

The control panel of WATERSIM is illustrated in Figure 3.20. The control
panel allows the user to choose flow data for a particular year, and define water-
sharing rules. Results of the user-defined scenarios are displayed on the graph pad
(Figure 3.20). Variables displayed are flow in (actual flow data (ML/day) selected by
the user), environmental flow (flow remaining after extraction in ML/day), the
amount of flow able to be extracted (ML/day) and the cease to pump (ML/day) over

one year. Equations for the WATERSIM are included in Appendix 6.
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Figure 3.20: The WATERSIM control panel.

The control panel allows the user to experiment with daily flow data for

typical wet, dry or average years, different cease to pump levels ranging from 17ML

to 200ML at the end of the system gauge and different water rules (bulk access

regimes) for the A, B and C flow classes. The results of each run are displayed on the

graph in terms of the daily flow in (determined by the flow data selected),

environmental flow (flow left after extraction), extraction (determined by the water

rules) and the CTP. The Irrigation Index is an indicator of when demand is not

satisfied (i.e. it flashes red when the peak daily demand is not met). The

environmental flow index is an indicator of when environmental flow requirements

99



Chapter 3 — Case Studies

are not met, for instance in terms of requirements for Eastern Freshwater Cod
migration and breeding.

The structure of the model components is shown in Figure 3.21. Flow in is
determined by the user defined flow data. Environmental flow is calculated by taking
extraction from flow in. Extraction is determined by the BEV and limited by the CTP.
User defined water rules and flow in determine the BEV. Class flows are allocated
heuristically from information available from the water management committee and
could be altered under different decision-making scenarios. The Irrigation Index is
calculated by comparing the amount available for extraction and the peak daily
irrigation demand. The Irrigation Index becomes animated if the amount of flow able
to be extracted is less than predicted peak daily demand. The Environmental Flow
Index is determined by the interplay of environmental flow and the cease to pump
according to a heuristic rule about fish passage. The Environmental Flow Index

becomes animated when environmental flow falls below15ML/day.

flow data

any flow anvironmental flow index CTP

balance
Aclass

v

Bulk Extractlon whlume el
flow in

imigation index

peak daily demand per month water niles

Figure 3.21: Structure of the WATERSIM model. Central to the structure of the
model is the flow balance.
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3.5.5 Group Model-Building Workshop

A system dynamics group model-building workshop was conducted with
twelve members of the NRWMC on the 23" August from 9.30am until midday at the
Broken Head Leisure Resort. The twelve participants represented organisations
including NSW Department of Land and Water Conservation, NSW Environmental
Protection Authority, NSW National Parks and Wildlife Service, NSW Department of
Agriculture, Nature Conservation Council of NSW, NSW Dairy Farmers Association,
NSW Farmers Association, NSW Cane Growers Association, NSW Nursery Industry
Association and Rous County Council. Box 3.5 illustrates the process followed during

the workshop.

Box 3.5: NRWMC Workshop agenda

1. Welcome and introduction. Outline of plans for the morning: Rob Learmonth.

2. Presentation of water-rules model and explanation of system dynamics software
language.

3. Discussion, questions, and explanation of the water-rules model — structure elements,

user-interface, data, and assumptions.

Break for morning tea

4. Discussion on options for developing a model.
5. Issues identification

6. Development of conceptual model from issues
Break for lunch

7. Evaluation
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Water-rules model and system dynamics as a new tool

Due to the amount of information the Northern Rivers Water Management
Committee (NRWMC) had already received from NSW DLWC, there was a
willingness to accept that system dynamics modelling could provide flexibility where
the hydrological models could not. During the presentation of the ‘water-rules’
prototype model, questions focussed on the input data. Inputs to the ‘water-rules’
model were outputs from NSW DLWC hydrological and irrigation modelling.
Workshop participants had a good understanding of the assumptions behind the data,
and they all had hard copy tables and graphs of the data to refer to at the workshop.
Consequently, explaining the parameters and assumptions of the ‘water-rules’ model
was much easier than if new parameters had been used. Using parameters that
participants were already familiar with also assisted in explaining system dynamics
language. More time was needed, however, to go into the detail of the model and the

system dynamics method.

Developing a model with the group

Four modelling options were generated and presented to the group. These
were to: (1) continue to examine the water management simulator; (2) develop an
issues-based model to examine inter-relationships between stakeholder issues; (3)
develop a dairy-farm model to examine the effects of the water-sharing plan in an
average farm; or (4) develop a model for the Eastern Freshwater Cod to be used as an
environmental indicator. After some discussion and a vote the dairy-farmer model
was chosen.

Reasons for choosing the dairy-farm option included participant concern about
the effect NRWMC water-sharing plan recommendations on dairy farmers in the

Coopers Creek Sub-catchment and the knowledge that the NRWMC would have less
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input into the next stage of planning, developing the implementation plan.
Stakeholders saw developing their own model of dairy farm effects as one avenue in
which issues outside the NRWMC ‘role’ or statutory obligations could be examined
in relation to the decisions that the NRWMC had the power to make.

After morning tea participants began brainstorming issues for the dairy farmer
model. Results of this process are presented in Table 3.7. The group had to decide at
this point on the model boundaries. Initially water was used as the central focus, but it

then shifted to the central idea of modelling the milk production system.

Table 3.7: Dairy farmer issues identified by modelling workshop group

Pumping hours Rostering

Daily access Resource security

Cut-out time Active versus inactive licences
Feed price NORCO benefit (need constant
Number of paddocks under irrigation  production)

Demand for milk Calving relationship

Demand for water Costs — animal health, feed, fertiliser,
Production mgt

Seasonality Benefits

Water sharing Profit

Water users group Production system

Water trading Infrastructure alternatives

Management and labour

Outcomes of the workshop

Participants of the workshop created a conceptual Milk Production System
Model (Figure 3.23). The Milk Production System Model contains all the elements
considered important by each stakeholder and illustrates the connections between
them. The model may not be ‘correct’in system dynamics terms, yet it is ‘correct’ for
those who constructed it. Further, the process enabled productive communication
amongst the various views and perspectives of stakeholders participating in the

workshop as will be discussed further in Section 3.5.7.
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Figure 3.22: The Milk Production System Model developed by stakeholders at the
system dynamics group model-building workshop.

The stakeholder model illustrates how the water management stakeholders
participating in the workshop perceive links between water management decision-
making and the profitability of a dairy enterprise. ~According to the logic of the
model (Figure 3.23) the “Water Users Group’, in conjunction with seasonal influences
on flow (‘Seasonality’) and the ‘Cease to Pump’ rule determine a farmers ‘Daily
Access’ limit. The ‘Daily Access’ limit determines the amount of ‘Water Available’.
‘Water Available’ influences the ‘Irrigation Time’ and the ‘Number of Paddocks’ in
production. The ‘Number of Paddocks’ determines the ‘Number of Cows’, ‘Calving’
and as a result ‘Production’. ‘Profit’ from the production system determines the level

of ‘Infrastructure’ which, when combined with the level of ‘Debt’, determines the
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‘Management Options’ available to the farmer. “Management Options’ influences the
farmers ‘Lifestyle’, the ‘Environmental Effects’ of the production system and the
‘Number of Paddocks’ in production. The first feedback identified by participants was
that between production, management options back to production (Figure 3.23). A
second feedback relationship, identified by participants at the workshop, existed
between ‘Management Options’, ‘Environmental Effects and ‘Daily Access’.
Participants also identified the ‘Water Users Group’ as a leverage point for ‘Daily

Access’ (Figure 3.23).

Evaluation of the process by workshop participants

In order to determine whether the workshop process was beneficial to
individuals and/or the NRWMC, participants were asked to evaluate their experience
by anonymously responding to four open questions. Open questions were chosen to
avoid the author unintentionally influencing responses, whilst allowing for inferences
to be made about the usefulness of the system dynamics approach for communication
and decision-making. The questions are shown in italics in Table 3.8.

The responses of nine participants are documented in Table 3.8. Three
participants chose not to respond. Participants commented that the most positive
aspects of the SDGMB approach were the integrative nature of the group model
building process, that it was a ‘holistic approach’, ‘bringing together different ideas
and interpretations’ highlighting the ‘nature of problems’, ‘processes, linkages and
outcomes’ (Table 3.8). Others cited the visual aspect of the SDGMB process was
beneficial and that SDGMB helped them ‘understand the modelling process and

assumptions’ of the models (Table 3.8).

Suggestions for improving the workshop process related mainly to the

presentation of the prototype model. Participants suggested that the process could be
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improved by beginning with simple models first. This was despite a brief explanation

of the system dynamics language using the simple example of a bank balance.

Another participant commented that more explanation of the prototype was needed.

One participant summed up with the need for more ‘resources: more time, better

location, bigger butchers paper, co-facilitator’ (Table 3.8).

Table 3.8: Responses to evaluation questions n=9 (3 participants did not respond)

e Highlighted problems of water sharing.

Question 1: * Highlighted processes, linkages and outcomes.
What was the .
best/most e Holistic approach.
positive aspect ® Use of qualitative factors.
of the e Explored different understandings.
ise? . . . . .
exercise: ® Brings together different ideas and interpretations.
¢ Involved everyone/group participation.
e Helped understand modelling process and assumptions.
e Visual aspect of the exercise.
Question 2: e Start simpler before moving to more complex models.
What would ¢ Develop model purpose/aim more carefully/specifically.
you like to ® More in depth explanation.
hqve seen done o Resources: more time, better location, bigger butchers paper,
differently? co-facilitator.
e Useful for communication.
Question e (Could be useful for decision support but who will do it?
How do you . C . .
think this type ¢ Developing a holistic picture, social, economic and
of approach environmental issues are all taken into account.
could assist the ® Looking at trade-offs.
NRWMC? e Helping to see interactive and connective nature of issues.
e Small group work productive.
e Assists thought processes.
e Assists in understanding the outcomes of decisions.
¢ Helpful in understanding the complexities of a water plan.
o A useful session
Comments

e Willing to do more
e Relevant to whole committee

e  What kind of commitment is required to develop a decision
support system?
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Participants cited a range of ways the SDGMB approach could assist the
NRWMC (Table 3.8). Participants commented that SDGMB could be useful to the
NRWMC for ‘communication’, ‘decision support’, ‘und erstanding the outcomes of
decisions’ and ‘looking at trade -offs’. Participants also cited that SDGMB could assist
‘thought processes’, the development of a ‘holistic picture’, and that SDGMB could
help the NRWMC ‘see the interactive and connective nature of issues’ (Table 3.8).

Final comments from participants indicate the interest of the group in the
SDGMB process (Table 3.8). Participants suggested that the workshop ‘was a useful
session’, ‘relevant to the whole committee’ and they were ‘willing to do m ore’. One
participant asked ‘what kind of commitment is required to get a decision support
system developed?’ This question will be discussed in the following section and

elaborated on in Chapter Four.

3.5.7 Discussion

The models developed for this case study supported existing views of system
behaviour that had already been described using other modelling frameworks. For
example, the critical management levers were correctly identified as the extraction
limit set by the cease to pump, and the Bulk Extraction Volume as determined by the
water-rules. SDGMB improved decision support capabilities by visually
demonstrating the magnitude of difference in environmental flow for each
management decision option.

The importance of the water user group in overcoming the negative economic
impacts of the Coopers Creek Draft Water Sharing Plan was highlighted in the
stakeholder model. Despite restrictions placed on individual property managers via
the Cease To Pump, the model demonstrated that water sharing via water-user groups

could lessen some of the impact. The WATERSIM model provides the basis for

107



Chapter 3 — Case Studies

developing a generic model to assist catchment based water user groups in negotiating
water-sharing arrangements when implementing the new water trading arrangements.

The WATERSIM model provided a good introduction to system dynamics
modelling for committee members as it illustrated its potential for real-time
simulation. As workshop participants had a good understanding of the assumptions
behind the data, explaining the parameters and assumptions of the WATERSIM
model was much easier than if new parameters had been used. Using parameters that
participants were already familiar with also assisted in explaining the system
dynamics language. As indicated in the evaluation (Table 3.8) more time was needed
for participants to understand the structure and behaviour of the model and use it more
fully. Despite this, the conceptual model developed by stakeholders (Figure 3.23)
demonstrates that useful models can be developed in a very short time with limited
resources using SDGMB. The model was useful for stakeholder communication and
understanding.

At the start of the workshop a number of participants expressed a lack of
confidence in their ability to build models despite being familiar with modelling as a
decision support tool. These participants quickly overcame their fears to
enthusiastically participate in and learn from the exercise. As Stave (2003) found,
stakeholders participating in group model-building did not need to know anything
about systems modelling to gain system insights.

Participant responses to the evaluation questions were encouraging.
Participants found that the process was inclusive and that it enabled the exploration of
different understandings. Perhaps most importantly, participants found that they

developed a holistic view of the water management system. They also commented

108



Chapter 3 — Case Studies

that the workshop was useful in facilitating a better understanding of the model
development process.

The skills and attitudes of the facilitator are key to successful group model-
building interventions (Vennix 1996). In this case study, asking workshop participants
to decide on the focus for the model avoided facilitator-domination and empowered
participants in the process. It was recognised, however, by both the author and
workshop participants that the group model-building workshop could have been
improved with an additional facilitator. An additional facilitator would have enabled
the development of the conceptual model using formalised system dynamics language
in real time rather than after the workshop. Conducting a SDGMB workshop with one
person facilitating would not have been as successful if there had been any more than
the twelve workshop participants.

A number of participants commented on the usefulness of the SDGMB
approach but questions arose as to whether it would be adopted in the longer-term, as
it would need commitment and funding (Table 3.8). These resource factors could be
overcome if the benefits are seen to outweigh the costs of the exercise. Overall the
outcomes of this case study suggest that SDGMB is a useful tool especially where
stakeholder knowledge needs to be integrated with existing decision-making
frameworks; and/or communication and learning amongst stakeholders is desired.

Further evaluation of SDGMB in other settings involving different stakeholders
is required to determine the transportability of the approach. Establishing relationships
with stakeholders and gaining commitment for SDGMB interventions, however, can

take months and even years making such evaluation difficult.
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3.5.8 Conclusion

This case study demonstrates the potential of SDGMB as a tool for improving
stakeholder involvement in environmental management decision-making. It was
found that SDGMB was useful for developing and improving decision support models
and integrating existing information with stakeholder issues and knowledge. It
appears that for at least some participants the SDGMB workshop facilitated systems
thinking. System dynamics modelling would be usefully applied to the review of
existing Water Sharing Plans, and for better involving stakeholders in the
development of water trading arrangements through the water users groups, as well as

in the preparation of new plans.

3.5.7 Evolution in Action Research Methodology — Case Study Five

The previous case studies (Figure 3.28) explored the hypothesis that SDGMB
facilitates communication, appreciation and understanding between environmental
management stakeholders. Factors influencing the success of a system dynamics
intervention include functioning relationships between stakeholders; trust; fear;
politics; internal and external organisational complexity; model relevance and
complexity; as well as the timeliness and relevance of the intervention.

The results of Case Study Five suggest that SDGMB, applied in the simplest
form of a one-day conceptual group model-building workshop, does assists
environmental management stakeholders communicate, appreciate, and understand
complexities inherent in environmental management. Some workshop participants
reported qualities of systems thinking as an outcome of the SDGMB workshop.
Factors found, in Case Study Five, to influence the success of the intervention
included the effective relationships established amongst all participants, a powerful

gatekeeper, the relevance of the intervention, the past experience of the participants
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with computer-based decision support tools, the past experience of the facilitator and

the availability of resources.

Increasing > 4
understanding of the .
role of system
dynamics modelling in
integrating science and
management and K
evolution/refinement of
hypothesis

Case Study 5

Case Study 4

Case Study 3

Case Study 2

Case Study 1

Figure 3.23: Evolution in hypothesis and method over five cycles where the
oscillating line represents direct use of the system dynamics method. The
case studies were used to test the hypothesis that system dynamics
modelling facilitates communication, appreciation, and understanding
between environmental scientists and environmental managers. Based on
the findings from Case Study One, all future cases examined the
hypothesis that system dynamics group model-building (SDGMB)
facilitates communication, appreciation, and understanding between
environmental management stakeholders. Case Study Two used ex-poste
evaluation whereas Case Studies Three, Four and Five had evaluations
conducted as a part of the SDGMB process. With Case Studies Three,
Four and Five the problem scenarios, organisational complexity, and
experience of the facilitator and participants differed.
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Chapter Four: The Adoption of System Dynamics Group
Model-building

‘Whichever way the project originates, in retrospect origination of a group-model
building project frequently looks quite accidental’ (Vennix 1999).

4.1 Introduction

The system dynamics group model-building approach (SDGMB) has been
described as ‘more of an art than a science’ (Andersen et al. 1997). There are few
evaluations of group model-building interventions (Andersen and Richardson 1997,
Caveleri and Sterman 1995, Huz et al. 1997 and Vennix 1996) but there is some
understanding of the difficulties in practising SDGMB (cf. Stave 2003, Vennix 1999,
and Wolfenden 1999) and of the effectiveness of group model building projects
(Rouwette er al. 2002). Little, however, has been published on the difficulties
associated with initiating SDGMB projects and the barriers to adoption of the
SDGMB method. This chapter is an attempt to address this gap in the literature with
reference to the case studies described in Chapter Three.

Vennix (1999) stated that ‘whichever way the project originates, in retrospect
the origination of a group-model building project frequently looks quite accidental’.
Project initiation is quite purposeful and requires a considerable amount of time and
effort to determine which problem situation, organisation(s) or individual(s) to work
with. Gaining the commitment necessary to initiate and progress, let alone implement,
an intervention is challenging.

This chapter introduces a simple model of the factors that influence the initiation
of SDGMB projects and the subsequent adoption of the SDGMB method (the
Adoption Model). The Adoption Model was developed from reflection on the
experience gained in the various case studies described in Chapter Three. This model

can be used for two purposes: (i) to stimulate further discussion on the challenges of
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applying SDGMB, and (ii) as a guide for group model-builders to ‘test’ potential case
studies for strengths and/or weaknesses. Equations for the Adoption Model are

included in Appendix 7 for further reference.

4.2 The Adoption Model

The adoption of any new innovation by a group of disparate people interested
in a particular issue requires a number of precedents to be satisfied (cf. Rogers 1995
and Spence 1994). It emerged from reflection on the case studies presented in Chapter
Three and from a review of the literature that there are three major factors that
influence the adoption of the system dynamics method and SDGMB in particular:
effective relationships between stakeholders/clients and the modeller/modelling team,
the relevance of the approach to the problem situation and the commitment of time,
people and other resources. These three sub-models form the core structure of the

Adoption Model (Figure 4.1). An explanation of the three sub-models follows.

Relevance o |

" Relevance
v
( Relationships =7 Adoption S "
Relationships |, Adoption

3

b J
Commitment v |

Commitment

Figure 4.1: Sub-models of the Adoption Model. The arrows indicate flows between
the sub-models. A feedback is indicated by the two-way flow between
‘Adoption’ and ‘Relationships’.
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4.2.1 Building and maintaining relationships

The existence of effective relationships was identified as a critical factor

influencing the success of the various case studies. Effective relationships were

established

in case studies where there was a powerful and influential gatekeeper,

where the level of trust between stakeholders was high and where communication was

an effective two way process. In the cases that did not succeed effective relationships

were not established. This was due to a low level of trust, poor communication or the

presence of politics. The ‘Relationships’ sub-model (Figure 4.2) was developed using

this evidence and with reference to the literature.
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Figure 4.2: Structure of the ‘Relationships’ sub-model. The ‘Quality of

Communication’ and the ‘Level of Trust’ determine ‘Relationship
Effectiveness’. The ‘Quality of the Gatekeeper’. The ‘Level of Trust’ is
determined by The ‘Quality of Communication’ and so on.
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The development of effective relationships (denoted by the stock ‘Relationship
Effectiveness’) in a SDGMB group is positively influenced by factors that improve
relationships (denoted by the flow ‘Improved Relationships’) and negatively
influenced by factors that cause relationship deterioration (denoted by the flow
‘Relationship Deterioration’) (Figure 4.2). In the Adoption Model the factors that
improve relationships include the development of a high ‘Level of Trust’, and the
‘Quality of Communication’. The ‘Level of Trust’ is determined by the ‘Quality of
the Gatekeeper’ (i.e. how much power and influence they have with the group). The
‘Quality of Facilitation’ and ‘Stakeholder Empowerment’ determine the ‘Quality of
Communication’. The ‘Facilitators Profession al Experience’ determines the ‘Quality
of Facilitation’ (Figure 4.2).

Negotiating group entry and building trust between the members of a group is
a difficult and demanding task (Cavaleri and Sterman 1997). ‘Trust’ was found to be
an influential factor in forming effective relationships when engaging stakeholders
during this research. For example, in Case Study Four, where there was a great deal of
suspicion surrounding computer modelling, and the idea of broader stakeholder
involvement, little trust existed between stakeholders preventing the formation of
effective relationships. In Case Study Five, however, where there was a great deal of
trust between stakeholders, a workshop was well attended and produced a useful
model in limited time. Thus trust, if it can be established, results in an ‘Improved

Relationship’ (Figure 4.2).
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The presence of a gatekeeper appears vital to group function in this context.
The mere existence of a gatekeeper, and the better the skills, the better the trust
between group participants. Thus, there is a positive linear relationship between the
gatekeeper and trust. In the model the numerical value of ‘Quality of Gatekeeper’
ranges between one and zero with one corresponding to an effective gatekeeper and
zero an ineffective gatekeeper or no gatekeeper at all.

Andersen and Richardson (1997) Andersen et al. (1997) Linard and McLucas
(2001) and Richardson and Andersen (1995) discuss the critical role of the gatekeeper
in the adoption of SDGMB. Practitioners, who use SDGMB to facilitate stakeholder
involvement in environmental management, have also recognised the importance of
this role. Stave (2002) found that the endorsement of the model-based process by a
number of influential group participants helped convince other participants to trust the
model being developed. In another study (Stave 2003) she cited support from upper
management stakeholders (de facto collective Gatekeeper) as ensuring the success of
a water management group model-building project in Las Vegas.

In Case Study Three the gatekeeper ended up having little influence on the
outcome of a proposal to use a SDGMB approach to assist decision-making. A key
stakeholder, absent during on the potential usefulness of SDGMB, returned at the time
the committee was making its decision and persuaded other members that the
approach was neither timely nor relevant. As a result, it could be concluded that the
level of trust between the gatekeeper and the committee was low, and the gatekeeper
did not have the influence needed to bring others into the process.

The effectiveness of ‘Communication’ between group participants also
influences ‘Relationship Effectiveness’ (Figure 4.2). The ‘Quality of Facilitation’

determines the effectiveness of communication in the same way that the gatekeeper
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determines trust. Vennix (1999) describes the facilitator as ‘a person who acts as a
role model for the group’, and who ‘avoids common deficiencies in group
interaction’. Accordingly, the skills and experience of the facilitator (‘Facilitators
Professional Experience’) determines the ‘Quality of Facilitation’. Its numerical
value ranges on a scale between one and zero with one corresponding to an effective
facilitator and zero an ineffective facilitator.

An important task for the facilitator is to foster open, supportive
communication (Vennix 1996). Vennix (1999) argues that systems thinking
interventions will be more effective if system dynamics model building abilities are
combined with good facilitation. The importance of the facilitator was recognised
when using prototype models to introduce participants to the SDGMB. The
prototypes were perceived as prescriptive and as being imposed in Case Study Four
and this created a problem (Section 3.4). The intention of the facilitator was merely to
demonstrate the potential of system dynamics modelling for synthesising existing
knowledge. Developing a model with stakeholders was to be the next step. However,
participants focussed on the robustness of the prototype model rather than the
potential usefulness of the process. Wolfenden (1999) identified similar problems
when using prototype models, as did Vennix (1996). In contrast, Rouwette et al.
(2002) found no difference in participant learning or commitment to modelling results
when comparing cases using preliminary models to those that involved participants
‘from scratch’. Commitment to one or more group model-building workshops,
however, was a given in the cases examined in the Rouwette review, thus precluding
analysis of the effect of using preliminary models on the initiation of a group model-

building project and initial commitment to the method.
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Having learned from experience in Case Study Three, a different approach
was tried in Case Study Five. The twelve participants of that group model-building
workshop were asked to decide on the focus for the conceptual model. It was
intended that this approach would avoid the perception of domination by the
facilitator through fostering participant ownership of the process and encouraging
‘open and supportive communication’ (Vennix 1996). This initial decision-making
process empowered participants and cleared the way for enthusiastic contribution to
the workshop. As a result, the author/facilitator had no need to lead discussion or
prompt the participants for information. It was clear that participants of the group
model-building workshop owned the process and the resulting conceptual model.
This result indicates that it is important to empower stakeholders from the start of the
SDGMB process. Consequently the ‘Quality of Facilitation’is also considered to be a
determinant of ‘Stakeholder Empowerment’ and that ‘Stakeholder Empowerment’
influences the ‘Quality of Communication’ (Figure 4.2).

It is assumed that if the facilitator has prior professional experience
(‘Facilitators Professional Experience’ = 1) then the ‘Quality of Facilitation” will be
greater than a facilitator with no or little prior professional experience (i.e.
‘Facilitators Professional Experience’ = 0). Further research is required to understand
the influence of the gender, age and experience of group model-building team
members on group model building interventions as these factors are known to be
influential in participative processes (Reason 1994) yet are overlooked in the system
dynamics evaluation literature (for example Cavaleri and Sterman 1997, Huz et al.
1997, Rouwette et al. 2002). Only one paper has been found that touches on the

subject of gender citing the under-representation of women in the field of system
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dynamics and raising the perception that ‘females have difficulty gaining acceptance
as consultants’ (Fisher in press).

These positive influences on relationship building are counterbalanced by
negative influences that cause ‘Relationship Deterioration’ (Figure 4.2). The
fundamental variable with the potential to negatively influence the formation of
effective relationships is ‘Politics’. Political sensitivity has been found to inhibit the
generation of insight from models and reduces the likelihood of commitment to the
results of the model (Rouwette et al. 2002). According to the logic of the Adoption
Model, ‘Internal’ and ‘External Organisational Complexity’ determine ‘Politics’ and
the negative effect of ‘Politics’ is minimised by the ‘Quality of Gatekeeper’ (Figure
4.2).

Increasing group size has been found to decrease participation and satisfaction
of group members in SDGMB (Vennix 1996). Increasing the diversity of a group is
also thought to create tension within the group and reduce group performance (Vennix
1996). In the Adoption Model organisational complexity has been separated into
‘Internal and External Organisational Complexity’. ‘Internal Organisational
Complexity’ relates to the complexity of relationships within stakeholder
organizations, while ‘External Organisational Complexity’ relates to the existing
complexity of relationships between stakeholder organisations.

Stakeholders in all case studies represented a combination of non-government
and government organizations. Relationships between individuals, and departments,
were complex for a number of the government organizations (internal complexity).
This often resulted in uncertainty and political sensitivity. Similarly in some cases the

dynamics between organizations was also complex resulting in uncertainty amongst
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stakeholders and political sensitivity. These outcomes had the net result of inhibiting
the formulation of effective relationships.

It is assumed in the Adoption Model that ‘Politics’ will have no effect if the
gatekeeper is effective (i.e. if ‘Quality of Gatekeeper’ equals one). However, if the
gatekeeper is ineffective (less than one) and there is organisational complexity either
internally or externally (i.e. ‘Internal Organizational Complexity’ and ‘External
Organizational Complexity’ are greater than 0.5) then ‘Politics’ will have a negative
effect (i.e. politics will equal one).

Most environmental management decision-making groups can be defined as
having organisational complexity depending on the number and definition of
stakeholders. The most complex organisational examples were found in Case Studies
Four and Five. Case Study Four demonstrated the negative influence of external
organisational complexity over internal organisational complexity. In that case each
member of the Community Advisory Committee brought with them the various
conflicting viewpoints of their representative organisations. It was also apparent that
some ‘organisational defensive routines’ (Argyris 1992) were being played between
the various organisations involved.

Case Study Five illustrates an instance where, despite the complexity of inter-
organisational relationships, the group was able to establish functional and trusting
relationships. It can be inferred by comparing Case Studies Four and Five that the
influence of external organisational complexity may diminish with time, as the
internal organisational politics become more dominant. The Adoption Model
presented here does not specify a feedback relationship between politics and

organisational complexity for the sake of simplicity.
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The selection of the facilitator, gatekeeper, and the decisions regarding
number and diversity of participants is a demanding (Cavaleri and Sterman 1997) and
crucial task (Vennix 1996). These initial decisions are important for overcoming the
negative influence of organisational complexity and can directly affect the success of
SDGMB interventions (Vennix 1996). For example, if the individual or
organisational politics of the situation are read incorrectly, or the wrong person is
identified and engaged as the gatekeeper, then there is reduced chance of success.

For example, in Case Study Three, influential members of the group used their
power to block commitment to the proposal despite the identification and engagement
of a gatekeeper. Further, two state government authorities failed in their attempt to
establish a committed Community Advisory Committee, because of their
organisational defensive routines. If a smaller, less diverse group of stakeholders had
been invited to participate early in the intervention, perhaps the conflict would have
been more easily managed. Thus relationships between individuals, as well as
relationships between and within organisations, are critical factors in the success or

failure of SDGMB interventions.

4.2.2 Establishing Relevance

The next major factor identified as an influence on the adoption of SDGMB is
the ‘Relevance’ of the intervention (Figure 4.1). Namely, how relevant the SDGMB
approach is perceived by potential participants. Relevance was determined as an
important factor when conducting the case studies described in Chapter Three. If
stakeholders did not find the system dynamics process, or in some cases the prototype
model, relevant to their needs or situation, then achieving commitment to further

model development or a group model building process was prevented.
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Factors increasing the ‘Level of Relevance’ include the existence and quality
of ‘Relationship Effectiveness’, the ‘Quality of Communication’ within the group, the
‘Timeliness’ of the intervention, ‘Previous Experience’ of participants of computer
modelling (Figure 4.3). Factors that may cause a decrease in the ‘Level of Relevance’
include the ‘Perceived Complexity’ of the system dynamics process and ‘Fear’ both
of which are determined by a stakeholder’s ‘Previous Experience’ of computer
modelling. The existence of ‘Politics’, influenced by ‘Internal’ or ‘External

Organisational Complexity’, also has the potential to decrease the ‘Level of

Relevance’ (Figure 4.3).
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Figure 4.3: Structure of the ‘Relevance’ sub model. Variables that influence the
‘Level of Relevance’ include ‘Relationship Effectiveness’ (Figure 4.2),
the ‘Quality of Communication’, ‘Timeliness’, and the ‘Previous
Experience’ of participants. Variables that may decrease relevance
include the ‘Perceived Complexity’ of the SDGMB method (if
participants have little previous experience), ‘Fear’ (again if stakeholders
have little previous experience) and ‘Politics’ if internal and external
organisational complexity is high.

Established relationships, as determined by the Relationships sub-model,
influence the perceived relevance of SDGMB to stakeholders (Figure 4.3). Many

authors describe pre-workshop meetings with key stakeholders that build relationships
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and determine the relevant modelling focus (for example Andersen and Richardson
1997, Campbell 2001, Rouwette et al. 2002 and Stave 2002). Conducting such
meetings is essential for demonstrating the relevance of the system dynamics
approach to organisations, but in some cases it is not enough to guarantee adoption of
the approach.

Where relationships have been developed between some key stakeholders, and
the modelling focus determined, then other stakeholders might not be convinced of
the relevance of the approach. This scenario occurred in Case Study Three, where
despite considerable effort spent building relationships and discussing the potential of
SDGMB to assist decision-making, the project proposal failed to gain the support of
the majority of stakeholders.

Two reasons for this outcome were identified: (i) an influential stakeholder
missed all the pre-workshop presentations and disputed the relevance of the approach
and (ii) some stakeholders felt the project had potential but that it was not timely.
Accordingly, ‘Quality of Communication’ and ‘Timeliness’ (Figure 4.3) are
considered to influence relevance.

‘Quality of Communication’ was included as an important factor in the
Relevance sub-model (Figure 4.3) as well as within the Relationships sub-model
(Figure 4.2). Communicating the benefits of the SDGMB approach is known to be
difficult for environmental management problem situations (c¢f. Wolfenden 1999).
This difficulty is partly attributed to a lack of tangible examples where the approach
has produced unequivocal benefits for those participating (Wolfenden 1999). In Case
Study Five a potential participant expressed uncertainty as to how the approach could

be used given that the potential for application of system dynamics was so broad.
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Some tangible examples of how system dynamics had been used in similar contexts
would have been helpful in this case.

‘Timeliness’ (Figure 4.3) was a factor identified in Case Study Three when a
stakeholder commented that they felt the SDGMB process would distract the
committee from the planning process already underway. In this case the proposal had
come at a time when practices were firmly entrenched and consequently there was
resistance to the proposal as it was thought it could distract the decision-making
group. In this case the numerical value for “Timeliness’ would be zero. Conversely, an
intervention can be initiated at a time perceived by stakeholders as conducive to new
approaches, or a fresh way of looking at things, which occurred in Case Study Five.
In this case the numerical value for “Timeliness’ would be set to one.

In addition to communicating the benefits of SDGMB and timely initiation,
demonstrating relevance requires that the stakeholders recognise a need for trying
something new to aid problem solving and this new approach has demonstrably been
of benefit in a similar situation in the past. In the Adoption Model the more ‘Previous
Experience’ stakeholders have of modelling as a decision-making tool, the more
relevant SDGMB is perceived (Figure 4.3).

The benefits of prior experience were demonstrated in Case Studies Four and
Five. In both these studies prototype models were used to introduce system dynamics
concepts. One group of stakeholders in Case Study Four (Section 3.4) focussed their
discussions on the robustness of the prototype model and decided against participating
in the proposed group model-building workshop, while in Case Study Five (Section
3.5) the use of a prototype model assisted in the adoption of SDGMB.

The major difference between Case Studies Four and Five was the level of

knowledge and understanding of the problem situation by stakeholders. The problem,
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or its context, was not well understood in Case Study Four, and information was not
willingly shared between stakeholders. In Case Study Five, stakeholders had a good
understanding of the approach and were familiar with the available data. The level of
knowledge and understanding among stakeholders potentially influenced the direction
of the discussion and outcomes of the case studies. This finding is consistent with
that of Stave (2002) who found that the previous experience of some stakeholders (in
group model-building) influenced acceptance of the new approach by others.
‘Previous Experience’ also influences the degree of ‘Fear’ and ‘Perceived
Complexity’ felt by stakeholders of the proposed intervention (Figure 4.3).

Not surprisingly, fear is thought to ‘affect people’s enthusiasm and
willingness to commit to any transformational initiative’ (Senge et al. 1999). In the
context of the Adoption Model ‘Fear’ represents the fear of something new, or
different, or something that threatens the stafus quo. The assumptions contained in
the Adoption Model are derived from the experience of Case Study Four (Section
3.4). In this Case Study, some stakeholders were fearful that engaging in a SDGMB
process would threaten existing management approaches. These stakeholders had
some prior experience of computer modelling for decision support, principally data
driven Geographic Information Systems, and were comfortable with using modelling
for prediction but had no prior experience with system dynamics or group model-
building.

Any ‘Previous Experience’ of modelling also affects the ‘Perceived
Complexity’ of the system dynamics method. It is consid ered that if stakeholders find
a prototype model, or the model-building process, too complex then perceptions of
relevance will diminish. ‘Politics’ may again exert a negative influence on the

adoption process at this stage, depending on the power of the gatekeeper (Figure 4.3).
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4.2.3 Gaining commitment

‘Commitment’ is the third factor assumed to affect adoption of the SDGMB
approach (Figure 4.1). Commitment means making time, people, and sometimes
money available to conduct one or more group model-building workshops.
Commitment might be given in the short-term or long-term and, in this sense, does
not necessarily imply commitment to the results of the group model-building process.
In the model, ‘Increasing Commitment’ is positively correlated to °Relationship
Effectiveness’, the ‘Level of Relevance’ and availability of ‘Resources’ (Figure 4.4).
‘Politics’ may exert a negative influence on commitment, even if all other criteria

have been satisfied.
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Figure 4.4: Structure of the ‘Commitment’ sub-model. Variables influencing the
‘Level of Commitment’ include ‘Relationship Effectiveness’ (Figure 4.2),
the ‘Level of Relevance’ (Figure 4.3) and the availability of ‘Resources’.
‘Politics’ may decrease commitment if ‘Internal’ and ‘External
Organisational Complexity’ is high.

In the course of this research, commitment to an intervention was reached
once in three attempts. The failure to build relationships based on trust leads to a lack

of commitment as does the failure to demonstrate relevance. A SDGMB intervention

126



Chapter 4 — Development of an Adoption Model

in the Australian Defence Force failed for similar reasons, namely a lack of a senior
executive champion (gatekeeper, relationships), lack of problem definition (relevance)

and a failure to achieve a shared vision (commitment) (Linard and McLucas 2001).

4.2.4 Reaching adoption - the Adoption Index

Once the three prerequisites for SDGMB have been satisfied, namely there are
effective relationships, the approach is accepted as relevant, and there is a willingness
to commit time and resources, then the approach may be adopted (Figure 4.5). An
adoption index (‘Adoption of SDGMB’) has been developed to evaluate the viability
of a SDGMB proposal. The adoption index is calculated by multiplying the value of
the accumulations of ‘Relationship Effectiveness’ (Figure 4.2), ‘Level of Relevance’
(Figure 4.3), and ‘Level of Commitment’ (Figure 4.4). This figure is then transformed
to a scale that ranges from zero (the proposal fails to reach adoption) to one (the

proposal is adopted).
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Figure 4.5: Structure of the ‘Adoption’ sub-model. Variables influencing the
‘Adoption of SDGMB’ include ‘Relationship Effectiveness’ (Figure 4.2),
the ‘Level of Relevance’ (Figure 4.3), and the ‘Level of Commitment’
(Figure 4.4).
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If the numerical value for ‘Adoption of SDGMB’ falls somewhere in between
zero and one then, based on the assumptions of the Adoption Model, some, but not all,
factors leading to adoption are limited. In contrast, if the numerical value for
‘Adoption of SDGMB’ is greater than 0.8 or equal to one, then the group model-
building proposal is likely to be adopted. In this situation none of the factors leading
to the establishment of effective relationships, relevance and commitment are
limiting. An explanation of the two scenarios, using Case Study Three and Case Study
Five as examples, follows. In these examples the simulation has been set to run over a

twelve-month period mimicking real-world intervention timeframes.

Case Study Three (Section 3.3) provides an example of an intervention where
factors were limited to the extent that adoption was not achieved. In this case
relationships were not effectively formed due to a poor choice of gatekeeper (‘Quality
of Gatekeeper’ = 0.2), which decreased the level of trust and also failed to negate the
high level of internal and external organisational complexity (‘Internal and External
Complexity’ = 1). The facilitator was gaining experience at conducting SDGMB but
could still be considered a novice (‘Facilitators Professional Experience’ = 0.4). The
lack of professional experience has the effect of reducing the ‘Quality of Facilitation’
(Figure 4.2). These factors interacting over a twelve-month timeframe result in a

value for ‘Relationship Effectiveness’ of zero.

For the sub-model ‘Relevance’ (Figure 4.3) the value for ‘Quality of
Communication’ carries over from the ‘Relationships’ sub -model (Figure 4.2). The
intervention in Case Study Three was ill timed (‘Timeliness’ = 0) and the previous
experience of stakeholders in computer modelling was low (‘Previous Experience’ =
0.4). The low value for ‘Previous Experience’ influences the variables of ‘Perceived

Complexity’ of the approach and ‘Fear’ of the approach both of which decrease
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relevance (Figure 4.3). ‘Internal and External Organisational Complexity’ was high
and thus has the effect of ‘Decreasing Relevance’ (Figure 4.3). These factors combine
to result in a zero value for the ‘Level of Relevance’ over the twelve-month

timeframe.

The ‘Level of Commitment, is influence by ‘Relationship Effectiveness’ and
the availability of ‘Resources’ (Figure 4.4). It has already been determined that
‘Relationship Effectiveness’ was low and that ‘Internal and External Organisational
Complexity’ was high. ‘Resources’ were not, in contrast, a limiting factor in this case
study (‘Resources’ = 1). These factors combine to result in a zero value for
commitment. When the three sub-model accumulations of ‘Relationship
Effectiveness’, ‘Level of Relevance’ and ‘Level of Commitment’ are multiplied and

scaled the resulting index of adoption is O (Figure 4.6).

1.00 375 6 .50 0.25 12.00
hariths
Figure 4.6: Behaviour of the adoption index in a ‘worst case scenario’ (1 = ‘Adoption
of SDGMB’). In a worst case scenario there is no gatekeeper, internal and
external complexity is high, the intervention is untimely, there are no
resources available, and the facilitator has little prior experience.
Something like Case Study Three.
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In contrast to the results of Case Study Three (Section 3.3), Case Study Five
provides an example of an intervention where factors did not limit adoption of
SDGMB in the short term (Section 3.5). In Case Study Five there was an effective
gatekeeper (‘Gatekeeper’ = 1) and the facilitator had more professional experience
(‘Facilitators Professional Experience’ = 0.8). Similarly to Case Study Three ‘Internal
and External Organizational Complexity’ were high (‘External and Internal
Complexity’ = 1). Yet because of the effectiveness of the gatekeeper, the negative
effect of ‘Politics’ was minimised. In this scenario, the value for ‘Relationship

Effectiveness’, at the end of twelve months, was 9.56.

‘Relevance’ (Figure 4.3) was increased as the intervention was considered to
be timely (‘timeliness’ = 1) and stakeholders had plenty of previous experience of
computer modeling as a decision support tool (‘Previous Experience’=1). Values for
the ‘Quality of Communication’ and ‘Politics’ carry over from the ‘Relationships’
sub-model. In this scenario the value for the ‘Level Relevance’is 10.04 at the end of

the twelve-month simulation period.

A commitment from stakeholders was achieved in the short term in Case
Study Five (i.e. ‘Resources’ = 1 and a positive value carried over from relationship
effectiveness and relevance). A longer-term commitment was not achieved, however,
due to a lack of resources in the longer term (i.e. ‘Resources’ = 0.4 or less). If we
assume adequate resources were available (‘Resources’ = 1) then the resulting value
for the ‘Level of Commitment’ (Figure 4.4) is 8.75. When the three sub-model
accumulations of ‘Relationship Effectiveness’, ‘Level of Relevance’ and ‘Level of
Commitment’ are multiplied and scaled the resulting index of adoption is 1 (Figure

4.7).
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6.50 9.25 12.00
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Figure 4.7: Behaviour of the adoption index in a ‘best case scenario’ (1 = ‘Adoption
of SDGMB’) In a best case scenario there is an influential gatekeeper,
organizational complexity is low, the facilitator and stakeholders have
prior experience, the intervention is timely and there are resources
available. Something like Case Study Five.

Feedback relationships within the Adoption Model

In general, SDGMB leads to an increase in the quality of communication
between participants (Rouwette et al. 2002). It follows then, if the initial commitment
to a workshop can be achieved, SDGMB reinforces the formation of effective
relationships. There is, therefore, a feedback from ‘Adoption of SDGMB’ to ‘Quality
of Communication’ (Figure 4.2). Other feedback interactions could be included in the
Adoption Model (for example between politics, trust and communication), however

no strong evidence was found in the case studies or literature examined.
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4.3 Discussion.

4.3.1 What these findings mean for environmental science and management

The potential for dysfunction between paradigms of science and management
was introduced in Chapter One (Section 1.2.1). Uncertainty was discussed as a
difficult aspect of translating environmental science into policy. Uncertainty can relate
to the biophysical environment, political/economic pressures, problems of scale as
well as social and cultural factors (Section 1.2.1). It was concluded that
transdisciplinary research and communication was needed and that system dynamics
modelling might help.

This research shows that if there are underlying uncertainties, or a dysfunction
due to poor communication then SDGMB processes will bring such issues to the fore.
As demonstrated by the Adoption Model, these issues need to be dealt with for the
process to gain the longer-term commitment described as ‘adoption’. The Adoption
Model can be used to identify issues with potential case studies without requiring real-
world resources. This is potentially useful, allowing for relationship building
exercises, or a re-evaluation of group goals, to be undertaken before the consideration
of any group model-building workshops for example. If, however, the issues are
entrenched for whatever reason, then significant commitment is required from

individuals for any ‘process tool’ to bring about change.

4.3.2 Comparison of the Adoption Model with classic model of adoption

The Adoption Model presented in this chapter has been developed from
reflection on ‘unsuccessful’ case studies, as well as one considered ‘successful’, thus
avoiding the pro-innovation bias thought to be prevalent in much diffusion research
(Rogers 1995). Generally, classic models of adoption identify five sequential stages in

a linear process (Figure 4.8). The Adoption Model presented in this chapter is a more
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complex model that begins to identify causal links and feedback structures. The
Adoption Model is similar to most classical models of adoption in that it is binary i.e.

adoption either occurs or it does not occur.

1. Awareness }—>| 2. Interest }—>| 3. Evaluation }—>| 4. Trial 5. Adoption

Figure 4.8: A classical model of adoption (adapted from Spence 1994).

Conclusion
The Adoption Model reflects the experiences of the author when initiating the

various SDGMB projects described in Chapter Three. The Adoption Model is a
preliminary conceptualisation of the challenges facing the initiation of SDGMB
projects. It is hoped, however, that by articulating the factors thought to have
prevented the adoption of SDGMB in a few case studies, further discussion will occur
about what works, what doesnt work, when and why, when it comes to the initiation
of SDGMB projects. Some questions for further research and discussion include the
need for additional feedback loops, variables or relationships and redundancy i.e.
what variables and relationships are included that should not be? It is hoped that the
Adoption Model will provide a valuable discussion and learning tool, particularly for

those wanting to test new case studies for potential pitfalls.
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5.1 Introduction

A review of the literature, presented in Chapter One, suggests that systems
science, transdisciplinary research, adaptive environmental management and other
participative approaches are required to bridge the gaps between the environmental
science and management paradigms. It has been found during this research that
system dynamics, particularly SDGMB, has a number of strengths for facilitating

such approaches (Figure 5.1).

5.2 Summary of conclusions

Environmental scientists and environmental managers acknowledge the need
to integrate knowledge to better understand complex social and ecological systems.
The question is how? This thesis examined the hypothesis that system dynamics
modelling can be used to facilitate communication between environmental scientists
and managers. The results of the case studies (Chapter Three) suggests that system
dynamics modelling has the potential to integrate science and management paradigms
by facilitating communication between scientists, managers, and other environmental
management stakeholders (Figure 5.1).

Firstly, system dynamics modelling assists researchers and managers
determine the relevance of research for management (Figure 5.1). This was
demonstrated in Case Study One (Section 3.1) where a prototype model was
evaluated by two groups of stakeholders. One group were scientists. The other group
was management oriented. Despite identifying the potential use of the prototype,
further information and detail was requested from scientists. In contrast, the prototype

was already too detailed for management stakeholders to use.
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Case Study Five: SDGMB facilitates
communication, shared
understanding & systems thinking for
some stakeholders. Relationships,
prior experience & availability of
resources influence commitment to

Increasing
SDGMB.

understanding of the
potential and
limitations of system
dynamics modelling
for integrating
environmental science
and management

Case Study Four: If trust is an issue tr)
conceptual group model building.
Communication, & organisational
complexity influence commitment to
SDGMB. Potentialof SDGMB to
integrate information & identify
knowledge gaps recognised.

Case Study Three: Prior modelling
experience, timing, politics, fear,
relevance, established relationships
and the roles of the gatekeeper and
facilitator influence commitment to
SDGMB.

Case Study Two: To effectively
evaluate experiences, or effects of,
SDGMB requires assessment

throughout the process.

Case Study One: SD can integrate
existing knowledge but model

complexity & relevance an issue for
stakeholder understanding. Perhaps
SDGMB?

Conclusions

SD, in particular SDGMB, assists the integration of

science & management by:

e facilitating communication between environmental
management stakeholders;

e facilitating the elicitation and integration of
different sources of information;

e facilitating a better understanding of situation; and

® encouraging systems thinking.

Gaining commitment for SDGMB is difficult: roles,

relationships, communication, trust, resources, model

complexity, prior experience of the facilitator and

stakeholders, & organisational complexity are important

influences (Chapter Four).

Key to abbreviations
SD system dynamics
SDGMB SD group model building

Figure 5.1: Summary of conclusions drawn at each stage of thesis development and
synthesised into the major outcomes of the research.
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The trade off between generality and complexity has been recognised by a
number of system dynamics practitioners (for example Costanza and Ruth 1998,
Forrester 1961, Lane and Oliva 1998, Richardson 1991, Stave 2003). The hypothesis
that SDMGB can facilitate communication between science and management
stakeholders, as well as provide a method to balance the trade off between generality
and complexity, was explored in future case studies.

A proposal to use SDGMB in Case Study Four (Section 3.4) highlighted
existing problems with communication and exchange between management
stakeholders (Figure 5.1). These problems, combined with organisational defence
routines, prevented the application of SDGMB in this case. According to Vennix
(1996) initial decisions, such as the selection of the facilitator, gatekeeper, and the
decisions regarding number and diversity of participants, are important for
overcoming the negative influence of organisational complexity and can directly
affect the success of SDGMB interventions.

In contrast to Case Study Four, a group of stakeholders who agreed to
participate in a group model-building workshop (Case Study Five, Section 3.5)
reported that the SDGMB process ‘involved everyone, was ‘useful for
communication’ and that it enabled participants to ‘explore different understandings’
and ‘bring together different ideas and interpretations’ (Table 3.8). Case Study Five
also demonstrated that it is not necessary to quantify models for communication and
appreciation to occur. This finding is supported by others findings, for example, Stave

2002, Stave 2003 and Wolfenden 1999.

Elicitation and integration of different sources of information
Another strength of SDGMB for integrating science and management is the

elicitation and integration of different sources of information (Figure 5.1). This is
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supported by the outcomes of Case Study One (Section 3.1) and Case Study Four
(Section 3.4). Existing scientific knowledge was effectively integrated into a
prototype model in Case Study One, (Section 3.1). In Case Study Four (Section 3.4)
the behaviour of the ‘POCSIM’ model confirmed what managers already understood
from the limited survey data available — that because of the effect of cyclones, storms
and predators the pied oystercatcher population was unviable without regional
influxes of juvenile birds (‘poc immigration’ see Figure 3.13).

The prototype models, developed for Case Studies One (Section 3.1) and Four
(Section 3.4), also highlighted gaps in existing knowledge and understanding. For
example, the need for a direct link between Annual Shoot Growth and the growth
indices was discussed by scientists reviewing the model in Case Study One (Section
3.1). Further, when examining the POCSIM model structure (Case Study Four,
Section 3.4) it became apparent that the potential importance of the pipi (Pipi donax)
population as a major food source for the pied oystercatcher was not well understood
by managers. The need for further monitoring to quantify assumptions made about the

impacts of four-wheel drives (‘fwd impact’ see Figure 3.13) was also identified.

Facilitating systems thinking for environmental management stakeholders

Transdisciplinary and adaptive approaches to environmental management
result from systems thinking (Chapter One). A conclusion drawn from Case Study
Five (Section 3.5) was that participating in SDGMB workshops facilitates systems
thinking for some stakeholders (Figure 5.1). According to participants of the
workshop conducted in Case Study Five the SDGMB process ‘highlighted processes
linkages and outcomes’ and is useful for ‘helping to see the interactive and connective
nature of issues’. Another participant liked the ‘holistic approach’ and one participant

felt that SDGMB could be used further in ensure ‘social, economic, and
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environmental issues are all taken into account’ (Table 3.8). Participants at this
workshop did not have prior system dynamics, or SDGMB experience, but were
comfortable with using computer modelling for decision support (Section 3.5). Stave
(2003) also found that participants at group model-building workshops did not need to
know anything about systems modelling to gain system insights.

The workshop in Case Study Five (Section 3.5) focused discussion on issues
of relevance to the problem situation, rather than personalities or individual agendas.
Consequently, during the course of the workshop stakeholders were empowered by
their ability to understand the bigger picture. This may also be true of the process used
with the Tourism Futures Simulator (Walker er al. 1998), although an evaluation

conducted as part of this research (Section 3.2) was not able to demonstrate this.

5.3 Opportunities for further research

A number of opportunities for further research can be identified as a result of
this work. Firstly, there is an opportunity to examine the influence of scale on the
effectiveness of using system dynamics for assisting the integration of environmental
science and management. The case studies presented in this thesis examined
management situations at the local, regional and national ‘institutional’ scale (Chapter
Three). The models developed for each management situation describe ecosystems at
the community, local population and sub catchment scale. Most case studies occurred
over very short timeframes with the longest occurring over a period of two years
(Case Study Five). Institutional scale, temporal scale and/or spatial scale were not,
however, predetermined factors for evaluation. An opportunity exists to explore the
potential of SDGMB for integrating environmental science and management at

different institutional, ecological and temporal scales.
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Such research should focus on successful and unsuccessful applications of
SDGMB and cover a broad range of intervention contexts. Similarly, further research
should examine past and current experience. For example, self-reporting, using diaries
or standardised forms, to map the experience of participants and the modeller, or
modelling team, over the duration of an intervention.

Testing the assumptions contained in the Adoption Model is another
opportunity for further research. Questions in relation to the model include the need
for more detail, additional feedback loops, variables or relationships and redundancy

i.e. what variables and/or relationships are included that should not be?

5.4 Implications of the research for theory and practice

This research has a number of implications for the theoretical development
and practical application of system dynamics model building in complex real world
situations. The methodological framework developed during this research to assist in
the evaluation of each intervention was an effective combination of two different
systems approaches (Chapter Two). The combined action research/system dynamics
approach allowed an ill defined, or fuzzy, hypothesis to be tested, analysed and
refined over a series of case studies. Evaluation is a difficult task in itself, but is made
more difficult without model developers being explicit about social processes (see
Chapters One and Two).

This research affirms the need for system dynamics practitioners to be more
explicit about the social processes that form the basis of their model building. This is
even more important given the shift toward SDGMB. Identifying the factors involved
in the success of a series of system dynamics interventions has provided one record of
experience that can be tested and built on in later research (Chapter Four). This

research confirms the need for a standardised approach to evaluation so that the
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research community can learn more from the wide range of case studies being
conducted.

It has been discovered that it is difficult to obtain commitment from
stakeholders to the SDGMB approach, even in the short-term. Organisational defence
routines that incorporate internal and external organisational complexity, and fear,
have been identified as contributing factors. Relationships must be built that are based
on trust and effective communication to counter barriers such as organisational
defence routines. The relevance of the approach to the organisation and/or
stakeholders must also be demonstrated. Such relationships, and the recognition by
stakeholders of the need for such an approach, are essential if SDGMB is to be
adopted and the potential for shared learning, shared understanding, and ultimately
systems thinking, is to be reached. The Adoption Model, developed as a result of this
research, can be used for assessing the suitability of potential system dynamics group
model-building interventions with regard to such factors (Chapter Four).

It is concluded that system dynamics modelling has a number of strengths for
the integration of the environmental science and management paradigms. System
dynamics modelling is useful for the integration of existing information, the
identification of knowledge gaps and research needs. If adoption and commitment can
be reached, even in the short-term, system dynamics group model-building can be
used to encourage systems thinking and facilitate communication between
environmental management stakeholders. For these reasons system dynamics
modelling should be given serious consideration by the environmental scientists,
managers and institutions whose aim it is to work collaboratively to find solutions to

the complex environmental problems they are dealing with.
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Appendix 1

Appendix 1: The system dynamics modelling language

The system dynamics models developed for this thesis have been developed
using the Structured Thinking Experiential Learning Laboratory Animation -
STELLA (Ithink for PC) software. STELLA has been developed by combining
current advances in object-oriented programming with Forrester notation (Forrester
(1968; 1969; 1971). There are three basic components to Forrester notation: stocks,
flows and converters (Figure Al). To explain these symbols an example of bank
balance is used (Figure A2). In this case stocks represent the bank balance, flows

represent the interest added and the converter represents the interest rate.

stock

& 7S v

tlow

O

converter

Figure A1l: System dynamics language symbols

bank balance

€3 == z

interest added

interast rate

Figure A2: System dynamics model of a bank balance
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Fundamental to system dynamics modelling are the patterns of growth, decay
and oscillations. Patterns of growth decay and overshoot, for instance in populations,
can be described using differential equations and exponential growth functions.
Oscillations may be generalised by four fundamental patterns: sustained oscillations,
damped oscillations, growing oscillations, and limit cycles. Patterns of oscillation
may be combined with patterns of growth and decay to describe a systems dynamic
behaviour (Ford 1999).

The basic steps of modelling dynamic systems are shown in Figure A4. There
are many alternative ideas about the modelling process, for instance Wolstenholme
(1990) suggests a two-stage process where the emphasis is firstly on gathering
qualitative information (eg causal loops) then quantification. Some suggestions for
avoiding potential errors are described in Box Al. Current ideas (see for example
Lane and Oliva 1998) about the potential of soft systems methodology for assisting
this process are worthy of further exploration.

Box Al: Guidelines to counteract tendencies toward error (Randers 1996)

1.Explicit description of the dynamic behaviour of interest (reference mode etc).

2. The modeller should consciously look for organising concepts that are powerful descriptors
of the basic mechanisms.

3. A dynamic hypothesis is obtained through combination of historical (or hypothetical) real
world behaviour and simple structures with known behaviour. Ideas for a productive
perspective on reality can be obtained from familiar organising concepts and existing models.
4. The system boundary must be wide enough to encompass the basic mechanisms, that is a
set of feedback loops capable of endogenously generating nontrivial dynamic behaviour over
the time period studied.

5. The purpose of the initial model is not to predict, but to test the dynamic hypothesis.

6. The initial model should only contain the basic mechanisms needed to generate the
reference mode; additional capacity should then be gradually incorporated until a sufficiently
realistic and versatile model is obtained.

7. The model should be kept transparent, even after the initial modelling stage. (a) A
relationship should only be included in a model if necessary to generate a desired behaviour
mode, to test effects of a policy, or to achieve sufficient realism to gain credibility. (b) Each
model link should represent a stable, meaningful real-world relationship in which the
modeller has confidence.

8. Reduce the amount if detail (depth) rather than the scope (breadth) if model complexity
must be reduced.

9.Causal diagrams should be used only for exploration in the initial modelling stage and for
communication of the final model; the main modelling should be performed by choosing and
linking levels.
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STEP 1:
Get acquainted with the system

STEP 2:
/ Be specific about the dynamic problem

/ v

I STEP 3:

Construct the stock and flow diagram

! \ 4
I STEP 4:
|

Draw the causal loop diagram

<«

‘ STEP 5:

Estimate the parameter values

<

\ STEP 6:

\ Run the model to get a reference mode

-
<

STEP 7:
\ Conduct sensitivity analysis

\ v

STEP 8:
Test the impact of policies

Figure A4: The basic steps in modelling dynamic systems (adapted from Ford 1999).
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Appendix 2: Participants of the DUNESIM evaluation workshop
Queensland University, Brisbane.

® Assoc. Prof., Land and Food Systems, University of Melbourne

®  Chair, Forestry — Southern Cross University

e Director - SCI-PLAN International, Brisbane

¢ Emeritus Professor, Ecology, University of Queensland

e Reader, Botany/Environmental Engineering, University of Queensland

® Associate Professor, Ecology, Southern Cross University (Convenor)

e Senior Lecturer, Environmental Engineering, University of Queensland

® Senior Researcher — Spatial Ecology, Queensland Department of Natural
Resources

¢ Modelling Unit Director, Queensland Dept. Natural Resources

e Ecologist, Queensland, Dept. Natural Resources

e Professor, Danish Forestry Research Institute

¢ PhD Candidate, Southern Cross University
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Appendix 3: Draft Survey

EVALUATION OF THE PORT DOUGLAS TOURISM FUTURES PROJECT

Your help is needed to evaluate the Port Douglas Tourism Futures process.

Survey results will be collated in a report for CSIRO and Port Douglas Shire Council. Please
indicate to the interviewer if you would like a copy. Results will also form part of a PhD Thesis
from a student of the School of Resource Science and Management at Southern Cross University.
Data belongs to the CRC for Sustainable Tourism and individual answers to the survey remain
confidential to the researcher.

Q.1 How you have been involved with the Tourism Futures Project (please tick appropriate box’s)
Discussions with CSIRO......

Q.la  If you have been involved in the Tourism Futures Project please specify where and when:

Q.1b  Rank your level of satisfaction with your level of involvement (ie did you find it useful?) with
a circle around the corresponding number.

1 | 2 E | 4 | 5 | 6 |7 | 8 | 9 [ 10
Not at all useful Neutral Very useful

Q.2 Have you read any articles or brochures on the Port Douglas Tourism Futures Simulator
project?

YES NO Unsure | Comments:

Q.2a  If yes, were they relevant to your business?

1 | 2 E | 4 | 5 | 6 |7 | 8 | 9 [ 10
Not at all relevant Neutral Very relevant

Q3 Do you think the Tourism Futures Simulator approach is useful for examining the future of the
tourism industry?

1 | 2 |3 | 4 |5 | 6 [ 7 | 8 IE | 10
Not at all useful Neutral Very useful

Q.4 What are the key (top 5) issues that will confront tourism in the region in the future? Please

attach additional sheet if required.

Q.5 How have you been involved with the Tourism Futures surveys (please tick appropriate box’s)
Survey design............ccc.....
Survey administration..........

Q.5a If yes, please specify where (location) and when (Month/Year):

Q.6 Do you think the Tourism Futures surveys asked relevant questions?
1 | 2 |3 | 4 |5 | 6 [ 7 | 8 IE | 10
Not at all relevant Neutral Very relevant
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Q.7 Have you received data from the Tourism Futures Simulator?

YES NO | Unsure | Comments:

Q.7a  If yes, was the data useful? (Please rate the usefulness of the data by ticking the appropriate
box using the scale explained in the key below)

1 2 3 4 5

Visitor travel patterns.......c.ccceeeviiiieiiieieieiiiiieienen

Visitor spending.......cccceevieiiiiiiiiiiiiniiniiiniiiriiacennnns

Visitor expectations......cccoeveveieiiiiiiiiieiiiiiiiiiiiiininn

Y B0 31 T 11 o ) N

Daintree River SUIVeY.....ccoevvuiiiiniiniieniiiniieciernrencennn

Mossman Gorge and Cape Tribulation Site surveys.......

Reports showing the change from 1999 to 2000.............

Overall aSSeSSIMENTt....cccevereerereeeeeraeeereecceeceesaccenncenne

KEY: 1= not useful; 2 = somewhat useful; 3 = useful; 4 = very useful; 5=extremely useful

Q.7b  Was the data timely (i.e. was it current enough to be useful for planning, marketing or other
business R&D?)

1 | 2 | 3 | 4 | 5 | 6 |7 | 8 | 9 | 10
Not at all timely Neutral Very timely
Q.8 You are? (Please cross box)
Male Female Under 30 years Between 31-50 years ~ Over 50 years
‘o o O YO > O
Q.9 Your highest educational qualification is?
School Diploma/  Bachelor Post graduate
certificate  degree degree

1 [] ] 3 4

Please attach additional sheet for further comments
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Appendix 4: Ballina proposal and contact history

A Management Decision Support System for

Ballina Shires Coastal Reserves
I would like to propose an innovative project to promote stakeholder participation and
integrated management of Ballina’s coastal reserves. The aim of the project is to develop a
systems model for assisting decision-making and strategic planning for the Ballina Coastal
Committee. The model would be developed by the Coastal Committee based on your needs,
issues and vision for the Ballina Coastal Reserves.

Successful coastal management involves understanding the links between social, cultural,
environmental and economic values and resolving conflict amongst stakeholders where trade-
offs need to be made. This is quite a challenge given limited resources and multiple
stakeholders. A framework for decision-making and strategic planning is essential to assist
coastal managers make informed decisions.

Plans of management are a useful mechanism for assisting and guiding decision-making
however they do not reflect the dynamic nature of the social, economic or ecological
environment. The challenge is to develop tools that allow for adaptation to increasing levels
of understanding and changing issues of management.

I propose a project that would develop a Coastal Management Decision Support System as a
tool for identifying and visualising the links between values, issues and management options
for the Ballina Coastal Reserve. This project aims to complement the Plan of Management
currently being drafted. This is an opportunity for the Ballina Coastal Committee to build a
model of all issues related to the management of Ballina’s coastal reserves.

Unlike surveys or other analytical methods that reduce complex questions to a series of
simple ones, the systems approach takes a holistic view including as much information as
possible to create a model. Using this approach it is hoped that the Coastal Management
Decision Support System will provide the Ballina Coastal Committee a framework for
evaluating a broad range of social, environmental and economic management issues and
options.

Key aspects to the development of a Coastal Management Decision Support System are
information collation, the transformation of information to a systems model and the
evaluation of the projects success in facilitating collaborative management. Much information
is available from the management planning process underway.

The potential for the project is a desk-top computer software package which enables
individuals to measure how changes in management factors could impact on the whole
system, change assumptions and test impacts of different management options on the coastal
reserve.

What is needed from Ballina Shire Council and Dept. Land and Water Conservation to begin
work on a prototype? A commitment to the project, a half-day systems workshop, access to
relevant existing information and some time to complete an evaluation survey on the process
and resulting conceptual model. Information will be collated and transformed into a model as
part of my research toward a PhD. To provide comment on this proposal please contact:
Kristin den Exter, School of Resource Science and Management, Southern Cross University
Lismore NSW 2480 Phone: (02) 66225310, Email: kdenex10@scu.edu.au
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Contact Record for the Ballina Coastal Committee Case Study

Presentation to DLWC Coast and Estuaries Officers (CEO) September 2000.
4pm 5™ December, 2000 meeting with Ballina CEO

Phoned Ballina Shire Council (BSC) General Manager (GM) and Chief Town
Planner (CTP) who indicated interest - 7™ December, 2000

Flyer to CEO, DLWC and CTP, BSC 70 December, 2000

Phone call 12 December, 2000 - CEO

Phone calls to BSC GM and CTP - 18" December

11™ January phone call with GM to arrange presentation

15" anuary rang DLWC CEO RE: BSC CC meeting

16™ January made presentation to BSC CC

14* February BSC CC voted on proposal

Rang a Councillor and the GM for feedback on the 15" February

Rang CTP, Councillor and Community Rep on the 19" February re:
evaluation

March 27" phone call CEO — began discussions re: Sth Ballina

Distributed evaluation 28" March
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Dear ,

RE: Collaborative Modelling Proposal

Firstly thank you for taking the time at your Committee meeting held in early
February to consider my proposal for a workshop to develop a coastal reserves

management simulator.

Now I am hoping you can help me to understand the reasons why you did or did not
support the proposal, perhaps most importantly why the proposal did not get
consensus support. For instance was it the technique proposed or the circumstances

under which it was proposed that resulted in the proposals rejection.

I have developed a brief open-ended survey to try and answer these questions. The
survey should only take ten minutes of your time and is entirely voluntary. If you do
choose to complete a survey please leave it with Sandy and I will pick them up. If you
have any queries or comments please do not hesitate to contact me. My details are on

each survey form.

Once again [ would like to thank you for your time. I sincerely hope all going well for

the Committee in reaching its objectives.

Regards,

Kristin den Exter
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EVALUATION OF THE COLLABORATIVE MODELLING PROPOSAL

EXCERPT FROM FEBRUARY’S COASTAL COMMITTEE MEETING MINUTES (in box):

MANAGEMENT TOOL — SYSTEMS MODELLING

RECOMMENDED that Council decline the offer of Kristen Den Exter, PhD Student at
Southern Cross University for the development of the Systems Model.

MOVED: Cr Peter Moore SECONDED Brian Smith
CARRIED
AGAINST

Crs Alan Rich and Margaret Howes recorded their names against the above decision.
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SOUTH BALLINA BEACH PROJECT PROPOSAL

An innovative project is proposed to bring together stakeholders in the management
of crown land at South Ballina Beach, NSW.

The project aims to:
Bring together representatives of stakeholder groups (eg. DLWC, NPWS, DUAP,
Ballina Shire Council, traditional owners, landowners, residents, fishers, 4WD lobby
etc);
® Develop a shared understanding of stakeholder values and management issues;
e Build a simulation model to test different management policy scenarios;
¢ Evaluate the process and outcomes.

It is expected that participants will benefit from:

Experience in a new method of participation and collaboration that can be applied to
many aspects of public land management without cost other than participants time;
New perspectives on management issues for the South Ballina coast;

Experience in the development of a dynamic systems model for public land
management;

Experience in the use of a dynamic systems model for public land management.

It is suggested that the pilot project be run in a staged process as follows:
STEP 1: Identify stakeholders and invite them to participate in the process.

STEP 2: Conduct interviews with stakeholders to elicit views, issues and values of
management for South Ballina. Illustrate as ‘mud maps’.

STEP 3: Conduct a workshop to look at how these individual stakeholder models fit
together. This is where it is expected that stakeholders will develop some shared
understanding of each others values and issues.

STEP 4: Develop management scenarios and cause and effect relationships using
results from existing studies, the group workshop and any other available information.

STEP 5: Translate scenarios and mud maps into a dynamic systems model.

This can be done by a) the researcher; b) the whole group or ¢) by interested members
of the group. The result will be a dynamic management simulator designed to allow
stakeholders to experiment with management scenarios using cause and effect
relationships.

STEP 6: Review the process and outcomes.

It is intended to review the process as it unfolds by a) tape recording interviews b)
evaluating stakeholder experiences at the workshop and c) conducting user trials of
the simulator with stakeholder representatives.

For questions or comment on this proposal please contact:

Kristin den Exter,

School of Resource Science and Management, Southern Cross University, Lismore
NSW 2480 Phone: (02) 66225310 Email: kdenex10@scu.edu.au
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HYPOTHETICAL SCENARIO

Broken Beach is a relatively isolated beach, bounded by agricultural land and a few
beach houses. There is a caravan park up one end of the beach. Broken Beach is
popular with local and tourists who use the beach for fishing, 4wd, walking, nature
appreciation, and surfing. The beach is also forms part of the traditional lands of the
Bungrybba people who have recently lodged a native title claim. Currently the land is
managed by the Department of Conservation and the Department of Planning. Some
sections of the beach are reserves and/or sites of significance which are managed by
the National Reserves Department.

The future management and use is currently under review and a reference committee
has been set up to make recommendations to the Department of Conservation. The
reference committee consists of a representative of the Bungrybba people, 4wd users
group, recreational fishers group, bird watching group, local residents group, caravan
park, and each of the state government departments and the Broken Beach council.
Each of the different user groups or stakeholders has different ideas about how the
beach should be managed.

A local university student has offered her skills to the Department of Conservation.
She has developed a process, which she thinks will assist stakeholders in
communicating their views, finding common ground, reaching some understanding of
each others perspectives and ultimately assisting them make recommendations to the
Department of Conservation. The students process involves translating mind maps
(circle and arrow diagrams) of each stakeholder into a dynamic computer model. The
process has been used successfully in a number of applications for example,
examining the future of regional tourism industry, water management planning, and
waste management. It has been suggested that this type of approach would be useful
for coastal management planning and decision-making but there is a lack of practical
examples.

Acknowledging this is breaking new ground, the student wants to help the reference
group understand the complexity of the beach management situation and help them in
reaching agreement on the recommendations they had been asked to make to the
Conservation Department. She is also interested in hearing from the reference
committee what they thought of her process. Did it help them in their decision-
making? How could the process be improved? Would they use it for other cases or in
the future?

The student presented her proposal to the new reference group. The reference
committee spent some time asking questions about the process, as it was not easily
understood. It was concluded that the best way to understand the process was to go
through it and on this basis the committee agreed to the students proposal.

Initially the student met with each of the stakeholder groups individually. During
discussions with these groups the student drew circle and arrow diagrams on butchers
paper to represent how they valued the beach and their ideas for future management.
This process continued until all groups were happy that the student had got the correct
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picture of their perspectives. Each meeting with stakeholder groups took between 1
and 2 hours.

At the next meeting of the reference group the student presented the results of the
exercise. She drew up a matrix with values and issues across the top and groups down
the side, so that members of the reference group could identify where there was
common ground. This workshop took about four hours including breaks.

The next step involved any interested reference group members helping the student
translate the areas of priority for each group and the areas of common ground into a
computer model. This stage occurred at different times over a period of a month.

Once the model was at a reasonable stage the student presented the results to a
meeting of the reference group. The model was looked at and played with by group
members and any necessary changes were made. Once everyone had explored the
model to their satisfaction the student conducted an evaluation of the process (from
mind mapping to modelling to the model) to see if it had helped the committee.
Reference group members were asked whether the process met their expectations,
what was the best aspect of the process, what was the worst aspect of the process.
How could the process be improved and did it assist the group to communicate and
make decisions. This workshop took about four hours including breaks.

The conclusions were that the students process:

a) did/did not help the reference committee communicate;

b) did/did not help the reference group understand each others perspectives;

c¢) did/did not help the reference group make recommendations about guidelines for
beach management;

d) could be improved by.........

e) could also be used for.........
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Appendix 5: POCSIM equations by sector

Disturbance

beach_access_points = 3

unknown = PULSE(2)

disturbance_rate = GRAPH(human_disturbance*dog_impact*fwd_impact*unknown)
(0.00, 0.00), (0.1, 0.095), (0.2, 0.195), (0.3, 0.285), (0.4, 0.395), (0.5, 0.495), (0.6,
0.615), (0.7, 0.725), (0.8, 0.815), (0.9, 0.915), (1, 0.995)

dog_impact = GRAPH(number_of dogs)

(0.00, 0.02), (0.1, 0.095), (0.2, 0.195), (0.3, 0.295), (0.4, 0.395), (0.5, 0.495), (0.6,
0.605), (0.7, 0.705), (0.8, 0.81), (0.9, 0.905), (1, 0.995)

fwd_impact = GRAPH(number_of_fwd)

(0.00, 0.01), (0.1, 0.11), (0.2, 0.2), (0.3, 0.29), (0.4, 0.4), (0.5, 0.5), (0.6, 0.59), (0.7,
0.7), (0.8, 0.8), (0.9, 0.9), (1, 0.99)

DOCUMENT: Number of vehicles per month

human_disturbance = GRAPH(number_of_visitors)

(0.00, 0.00), (0.1, 0.09), (0.2, 0.21), (0.3, 0.28), (0.4, 0.41), (0.5, 0.5), (0.6, 0.6), (0.7,
0.69), (0.8, 0.79), (0.9, 0.91), (1, 0.99)
number_of_dogs = GRAPH(beach_access_points)
(0.00, 0.01), (1.00, 0.1), (2.00, 0.19), (3.00, 0.29), (
0.6), (7.00, 0.7), (8.00, 0.8), (9.00, 0.9), (10.0, 0.98
number_of_fwd = GRAPH(beach_access_points)
(0.00, 0.00), (1.00, 10.5), (2.00, 20.0), (3.00, 32.0), (4.00, 39.0), (5.00, 53.0), (6.00,
60.0), (7.00, 69.0), (8.00, 79.0), (9.00, 91.0), (10.0, 99.5)

number_of_visitors = GRAPH(beach_access_points)

(0.00, 0.00), (1.00, 0.11), (2.00, 0.21), (3.00, 0.29), (4.00, 0.4), (5.00, 0.51), (6.00,
0.6), (7.00, 0.72), (8.00, 0.81), (9.00, 0.92), (10.0, 0.99)

rate_of_abandonment = GRAPH(disturbance_rate)

(0.00, 0.005), (0.1, 0.105), (0.2, 0.205), (0.3, 0.305), (0.4, 0.395), (0.5, 0.485), (0.6,
0.585), (0.7, 0.695), (0.8, 0.815), (0.9, 0.905), (1, 1.00)

4.00, 0.38), (5.00, 0.49), (6.00,
)

Environmental processes
pipi_population(t) = pipi_population(t - dt) + (pipi_births - pipi_deaths) * dt
INIT pipi_population = pipi_births-pipi_deaths

INFLOWS:

pipi_births = GRAPH(TIME)

(1.00, 0.00), (2.90, 12.0), (4.80, 5.00), (6.70, 5.00), (8.60, 23.0), (10.5, 5.00), (12.4,
4.00), (14.3, 10.0), (16.2, 0.00), (18.1, 8.00), (20.0, 24.0)

OUTFLOWS:

pipi_deaths = GRAPH(TIME)

(1.00, 0.00), (2.90, 17.0), (4.80, 0.00), (6.70, 0.00), (8.60, 12.0), (10.5, 14.0), (12.4,
0.00), (14.3, 0.00), (16.2, 14.0), (18.1, 0.00), (20.0, 0.00)

water_availability(t) = water_availability(t - dt) + (water_in - water_out) * dt

INIT water_availability = 0

INFLOWS:

water in=0

OUTFLOWS:

water out=10

cyclones_storms_index = RANDOM(0,2,888)
effect_of_pipi_population = GRAPH(pipi_population)
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(0.00, 0.00), (0.1, 0.105), (0.2, 0.205), (0.3, 0.275), (0.4, 0.405), (0.5, 0.505), (0.6,
0.595), (0.7, 0.695), (0.8, 0.815), (0.9, 0.895), (1, 0.985)

Management options

baiting_program =0

licensing = 1

regulation_effectiveness = if licensing = 1 then 0.6 else if seasonal_closure = 1 then
1else0

DOCUMENT: 1 = licencing system

2 = seasonal closure

seasonal_closure = 1

wtp_education = 1

DOCUMENT: dollars/year

education_effectiveness = GRAPH(wtp_education)

(0.00, 0.00), (5000, 0.105), (10000, 0.195), (15000, 0.295), (20000, 0.395), (25000,
0.495), (30000, 0.595), (35000, 0.695), (40000, 0.785), (45000, 0.895), (50000,
0.995)

Pied Oystercatcher Population

fledglings(t) = fledglings(t - dt) + (runner_success - fledgling_success -
fledgling_deaths) * dt

INIT fledglings = runner_success

INFLOWS:

runner_success = runners

OUTFLOWS:

fledgling_success = fledglings

fledgling_deaths =
fledglings*(predator_index*cyclones_storms_index*disturbance_rate)+fwd_impact
no_breeding_pairs(t) = no_breeding_pairs(t - dt) + (breeders_per_popn -
eggs_per_breeding_pairs) * dt

INIT no_breeding_pairs = breeders_per_popn

INFLOWS:

breeders_per_popn = oyster_catcher_population/2

OUTFLOWS:

eggs_per_breeding_pairs = no_breeding_pairs*3.5

no_eggs(t) = no_eggs(t - dt) + (eggs_per_breeding_pairs - egg_deaths -
hatching_success) * dt

INIT no_eggs = eggs_per_breeding_pairs

INFLOWS:

eggs_per_breeding_pairs = no_breeding_pairs*3.5

OUTFLOWS:

egg_deaths =

no_eggs*predator_index*rate_of abandonment*cyclones_storms_index
hatching_success = no_breeding_pairs*clutch_rate

oyster_catcher_population(t) = oyster_catcher_population(t - dt) + (fledgling_success
+ poc_immigration - adult_deaths - migration - breeders_per_popn) * dt

INIT oyster_catcher_population = 70

INFLOWS:

fledgling_success = fledglings
poc_immigration = GRAPH(TIME)
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(1.00, 29.5), (2.90, 2.50), (4.80, 30.5), (6.70, 0.00), (8.60, 30.5), (10.5, 0.00), (12.4,
27.5), (14.3, 0.00), (16.2, 29.5), (18.1, 2.50), (20.0, 30.5)

OUTFLOWS:

adult_deaths = oyster_catcher_population*cyclones_storms_index

migration = 0

breeders_per_popn = oyster_catcher_population/2

runners(t) = runners(t - dt) + (hatching_success - runner_success - runner_deaths) *
dt

INIT runners = hatching_success

INFLOWS:

hatching_success = no_breeding_pairs*clutch_rate

OUTFLOWS:

runner_success = runners

runner_deaths =

runners*(cyclones_storms_index*predator_index*rate_of abandonment)+fwd_impact
clutch_rate = 2.5

DOCUMENT: clutchs per pair per year

POC_density = oyster_catcher_population/area

Predators (fox, dogs, goannas etc)

fox_dog(t) = fox_dog(t - dt) + (fox_dog_births + fox_dog_immigration -
fox_dog_deaths) * dt

INIT fox_dog = 15

INFLOWS:

fox_dog_births = GRAPH(no_eggs)

(0.00, 0.00), (10.0, 0.5), (20.0, 1.00), (30.0, 1.50), (40.0, 2.00), (50.0, 2.50), (60.0,
3.05), (70.0, 3.50), (80.0, 4.00), (90.0, 4.50), (100, 4.95)

fox_dog_immigration = 0

OUTFLOWS:

fox_dog_deaths = if baiting_program = 0 then fox_dog*cyclones_storms_index else if
baiting_program =1 and fox_dog* 0.7 > (fox_dog*cyclones_storms_index) then
fox_dog*0.7 else cyclones_storms_index*fox_dog

goanna(t) = goanna(t - dt) + (goanna_births + goanna_immigration - goanna_deaths)
*dt

INIT goanna = 10

INFLOWS:

goanna_births = 10

goanna_immigration = goanna_deaths

OUTFLOWS:

goanna_deaths = GRAPH(TIME)

(1.00, 16.5), (2.90, 0.00), (4.80, 7.50), (6.70, 0.00), (8.60, 0.00), (10.5, 8.50), (12.4,
0.00), (14.3, 0.00), (16.2, 13.5), (18.1, 0.00), (20.0, 0.00)

raptors(t) = raptors(t - dt) + (raptor_births + raptor_immigration - raptor_deaths) * dt
INIT raptors = 1

INFLOWS:
raptor_births = 1
raptor_immigration = 1
OUTFLOWS:
raptor_deaths = 1
UNATTACHED:
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predator_numbers = fox_dog

predator_index = GRAPH(predator_numbers)

(0.00, 0.00), (1.50, 0.115), (3.00, 0.195), (4.50, 0.295), (6.00, 0.395), (7.50, 0.515),
(9.00, 0.605), (10.5, 0.715), (12.0, 0.795), (13.5, 0.905), (15.0, 0.995)

Recovery Model
replacement_rate = 0.11

X = runners/no_eggs

Xyz = X*y*z

DOCUMENT: x = runners/no_eggs
y = fledglings/runners

z = replacement_rate/x™y

Xyz = X*y*z

y = fledglings/runners
z = replacement_rate/x*y

Not in a sector
area = 1500
DOCUMENT: metres?2

monthly_counter = MOD(time, 120)
yearly_counter = MOD(TIME,10)
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Appendix 6: WATERSIM equations by sector

Cease to pump
CTP =57.1
DOCUMENT: Choose the cease to pump (mL/day)

Daily access model
Area_lrrigated = 10

conversion = Crop_rate*Hectares__Landuse
Crop =1

DOCUMENT: 1 = Annual pastures
2 = Bananas

3 = Citrus

4 = Fodder - Dairy

5 = Nurseries

6 = Nuts

7 = Perennial Pasture

8 = Perennial P - Dairy

9 = Trees - Orchard

10 = Vegetables

11 = Winter Cereal

12 = Other - coffee

13 = Other - nursery

Crop_rate = if Crop = 1 then 3 else if Crop = 2 then 6.5 else if Crop = 3 then 3.5 else
if Crop = 4 then 6.5 else if Crop = 5 then 20 else if Crop = 6 then 5.5 else if Crop = 7
then 4.5 else if Crop = 8 then 6.5 else if Crop = 9 then 5.5 else if Crop = 10 then 6
else if Crop = 11 then 2.5 else if Crop = 12 then 6.5 else if Crop = 13 then 20 else 1
Daily_Access_Farmer = Area_lrrigated*Daily_Access__ ML_ha
Daily_Access__ML_ha = Daily_Access__ML _total/Hectares__Landuse
Daily_Access__ML_total = total_%rep*Extraction

Hectares__Landuse = If Crop = 1 then 2.65 else if Crop = 2 then 13.26 else if Crop =
3 then 8.8 else if Crop = 4 then

21.2 else if Crop = 5 then 4.1 else if Crop = 6 then 458.2 else if Crop = 7 then 20.5
else if Crop = 8 then 526.15 else if Crop = 9 then 54.64 else if Crop = 10 then 3.3
else if Crop = 11 then

15.9 else if Crop = 12 then 3.3 else if Crop = 13 then 0.4 else 1

percent_rep = conversion/total_conversion

total_%rep = SUM(percent_rep)

total_conversion = SUM(conversion)

Extractable water
Extraction = if Flow_in > CTP then Bulk__ Extraction__Volume else 0

OUTFLOW FROM: Flow_Balance (IN SECTOR: Flow balance)

A&B class = 200.1

A class = 36.8

Bulk__Extraction__Volume = if Flow_in < A_class or Flow_in = A_class and

Water Rules = 1then 30% A class else if Flow _in > A class and Flow in <
A&B_class then 30% A&B_class else if Flow_in > A&B_class then 30% C_class else
if Water_Rules = 2 then 40% A class else if Flow in > A class and Flow in <

A&B class then 40% A&B_class else if Flow _in > A&B class then 20% C_class
else if Water_Rules = 3 then 30% A class else if Flow _in > A _class and Flow _in <
A&B_class then 40% A&B_class else if Flow_in > A&B_class then 30% C_class
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else if Water_Rules = 4 then 40% A_class else if Flow_in > A_class and Flow_in <
A&B_class then 50% A&B class else if Flow in > A&B class then 30% C_class
else 0

C _class =5215.3

Flow

Flow_Data = 1

DOCUMENT: 1 =1984 IQQM flow data (average year)
2 = 1975 IQQM flow data (wet year)

3 = 1969 IQQM flow data (dry year)

Flow_1969 = GRAPH(TIME)
DOCUMENT: 1969 IQQM flow data

Flow_1975 = GRAPH(TIME)
DOCUMENT: 1969 IQQM flow data

Flow_1984 = GRAPH(TIME)
DOCUMENT: 1984 IQQM flow data

Flow balance
Flow_Balance(t) = Flow_Balance(t - dt) + (Flow_in - Extraction) * dt
INIT Flow_Balance =0

INFLOWS:

Flow in = if Flow Data = 1 then Flow_ 1969 else if Flow Data = 2 then Flow 1975
else if Flow_Data = 3 then Flow_1984 else Flow_1984

OUTFLOWS:

Extraction (IN SECTOR: Extractable water)

UNATTACHED:

Environmental__Flow = Flow_in-Extraction

Water Rules

Water Rules =1
DOCUMENT: WATER RULES - Please choose from these options
A class :B class: C class
OPTION 1

30:30:30

OPTION 2

40:40:20

OPTION 3

30:40:30

OPTION 4

40:50:20
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Appendix 7: The Adoption Model equations by sector

Adoption

Adoption_of SDGMB =

GRAPH(Relationship__ Effectiveness*Level_of _Relevance*Level_of_Commitment)
(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 1.00)

OUTFLOW FROM: Level_of_Commitment (IN SECTOR: Commitment)
Time_to_adoption = CYCLETIME(Adoption_of SDGMB)

Commitment

Level_of _Commitment(t) = Level_of _Commitment(t - dt) + (Increasing_Commitment -
Adoption_of _SDGMB - Decreasing__Commitment) * dt

INIT Level_of _Commitment = 0

DOCUMENT: commitment to one or more modelling workshop(s)

INFLOWS:

Increasing_Commitment =
GRAPH(Level_of__Relevance*Relationship__Effectiveness*Resources)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 1.00)

OUTFLOWS:

Adoption_of_SDGMB (IN SECTOR: Adoption)

Decreasing___Commitment = GRAPH(Politics)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 1.00)

Resources = 1

DOCUMENT: Resources available for conducting the System Dynamics intervention
for example time, money, venue, and wages. 0 = no resources available, whereas 1
= all required resources are available.

Relationships

Relationship__ Effectiveness(t) = Relationship__ Effectiveness(t - dt) +
(Improved__Relationships - Increasing_Relevance - Relationship__Deterioration) * dt
INIT Relationship__Effectiveness = 0

INFLOWS:

Improved__Relationships = GRAPH(Quality_of _Communication*Level_of _Trust)
(0.00, 0.00), (0.1, 0.11), (0.2, 0.21), (0.3, 0.31), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7,
0.7), (0.8, 0.8), (0.9, 0.9), (1, 1.00)

OUTFLOWS:

Increasing_Relevance (IN SECTOR: Relevance)

Relationship__ Deterioration = GRAPH(Politics)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 0.99)

External__Organisational_Complexity = 0

DOCUMENT: Complexity of relationships and politics within the client organisation.
0 represents an organisation without complex relationships and politics, whereas 1
represents an organisation with extremely complex relationships and politics between
its members.

Internal_Organisational_Complexity = 0
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DOCUMENT: Complexity of relationships and politics between client organisations.
0 represents relationships and politics between client organisations not characterised
by complexity, whereas 1 represents extreme complexity between members of client
organsiations.

Politics = if Quality_of__Gatekeeper >0.7 or Quality_of__Gatekeeper = 0.7 then 0
else (Internal_Organisational_Complexity+External__Organisational_Complexity)
Professional__ Experience = .2

DOCUMENT: The professional experience of the facilitator determines the quality of
facilitation. 1 would inidicate a lot of professional experience whereas 0 would
inidctae a novice.

Quality_of__ Gatekeeper = 1

DOCUMENT: The key individual(s) in the client organisation committed to the
System Dynamics intervention.This/these person(s) provides a communication
channel between the system dynamics team and the broader organisation of
stakeholders. 1 represents an influential gatekeeper, 0 represents a gatekeeper who
has little influence on the organisation.

Stakeholder__ Empowerment = 1

Level_of__Trust = GRAPH(Quality_of _Gatekeeper)

(0.00, 0.00), (0.1, 0.105), (0.2, 0.205), (0.3, 0.305), (0.4, 0.405), (0.5, 0.505), (0.6,
0.605), (0.7, 0.695), (0.8, 0.795), (0.9, 0.895), (1, 1.00)

DOCUMENT: Trust between stakeholders/clients and the modeller/facilitator(s)

Quality_of __Communication = GRAPH(if Adoption_of _SDGMB = 1 then

Quality_of _Facilitation*Adoption_of SDGMB else Quality_of __Facilitation)

(0.00, 0.01), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.39), (0.5, 0.49), (0.6, 0.59), (0.7,
0.69), (0.8, 0.79), (0.9, 0.89), (1, 0.99)

DOCUMENT: Rouwette et al. 2002 found that in general group model buidling leads
to an increase in the quality of communication between participants.

Quality_of _Facilitation =

GRAPH(Quality_of__ Facilitator*Stakeholder__ Empowerment)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 1.00)

Quality_of __Facilitator = GRAPH(Professional__Experience)

(0.00, 0.00), (0.1, 0.105), (0.2, 0.205), (0.3, 0.305), (0.4, 0.405), (0.5, 0.505), (0.6,
0.605), (0.7, 0.705), (0.8, 0.805), (0.9, 0.895), (1, 0.995)

DOCUMENT: Skills, experience and confidence of the modeller and facilitator ( 0 =
minimum skills and experience and confidence. 1= maximum skills, experience and
confidence.)

'Systems thinking interventions will be made more effective, if system dynamics
model building abilities are skillfully combined with adequate facilitation' Vennix
(1999)

Relevance

Level_of _Relevance(t) = Level_of __Relevance(t - dt) + (Increasing_Relevance -
Increasing_Commitment - Decreasing__Relevance) * dt

INIT Level_of _Relevance =0

INFLOWS:
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Increasing_Relevance =

GRAPH(Relationship__ Effectiveness*Previous__Experience*Quality_of _Communic
ation*Timeliness)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 1.00)

OUTFLOWS:

Increasing_Commitment (IN SECTOR: Commitment)

Decreasing__Relevance = GRAPH(Perceived___Complexity*Politics*Fear)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.3), (0.4, 0.4), (0.5, 0.5), (0.6, 0.6), (0.7, 0.7),
(0.8, 0.8), (0.9, 0.9), (1, 1.00)

Previous__Experience = 1

DOCUMENT: Previous experience of the stakeholder/clients with system dynamics
or other computer modelling tools for decision support or learning. 0 represents no
prior experience at all, wheras 1 would mean stakeholder/clients are confident with
using such tools.

Timeliness = 1
DOCUMENT: How timely is the intervention as perceived by stakeholder/client(s)? 0
represents an untimely intervention, 1 would represent perfect timing.

Fear = GRAPH(Previous__Experience)

(0.00, 0.995), (0.1, 0.905), (0.2, 0.795), (0.3, 0.705), (0.4, 0.595), (0.5, 0.495), (0.6,
0.395), (0.7, 0.305), (0.8, 0.205), (0.9, 0.095), (1, 0.00)

DOCUMENT: This variable represents the individual or orgnaisations fear of change,
of fear of trying something new.

Perceived__Complexity = GRAPH(Previous__Experience)

(0.00, 0.995), (0.1, 0.905), (0.2, 0.805), (0.3, 0.705), (0.4, 0.605), (0.5, 0.505), (0.6,
0.405), (0.7, 0.305), (0.8, 0.205), (0.9, 0.095), (1, 0.00)

DOCUMENT: This variable represents the clients perceptions of how complex the
system dynamics intervention might be.
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