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Development of Bayesian networks to explore 
the adoption of riparian management practices 
in Tasmania
Dr Jennifer Ticehurst, Integrated Catchment Assessment and Management 
Centre, Fenner School of Environment and Society, ANU

Summary
This report further explores the social research reported by Curtis et al. (2009), through the investiga-
tion of the causal factors in the adoption of five management practices related to the management of 
riparian areas in Tasmania. Bayesian networks (BNs) are used to conceptualise the causal links between 
the key factors influencing adoption, and then sensitivity analysis is used to rank the influence of the 
links. The methods are drawn from those previously reported by Ticehurst et al. (2009).

Four BNs have been developed for five management practices (MPs) related to the management of 
riparian areas. Two of the MPs related to the removal of willows were combined into the same BN due to 
their similarity. The BNs that have been developed address the following MPs:

  MP1: Fencing rivers/streams/wetlands to manage stock access (Practices undertaken by the land 
manager during their period of management)

  MP2 & MP3: Removed willows (Practices undertaken by the land manager during their period of 
management by the land manager during their period of management), AND Removed willows and 
replaced them with native vegetation (Practices undertaken by the land manager during their period 
of management)

  MP4: Have a fertilizer nutrient budget calculated for all/most/some of the farm (Practices undertaken 
in 2008)

  MP5: Stock only able to graze any part of the river/creek frontage or adjoining wetlands for less than a 
week at a time in 2008 (Practices undertaken in 2008)
There were some limitations in the development of the BN models, due to the small number of sur-

vey responses (n = 146). This constraint was not experienced in our earlier exploration of the value of 
BNs using data from the Wimmera catchment in Victoria (Ticehurst et al., 2009). The initial BN frame-
works developed with the stakeholders could not be supported as working BN models because of the 
limited size of the survey sample (not designed with the BNs in mind), and resources limiting the use of 
additional expert opinion or other literature to supplement the small survey response. For this research, 
the frameworks were simplified until they could be supported as working models by the available data. 
Despite the constraints imposed by the small sample size, this study confirmed the findings by Curtis et 
al. (2009) of significant positive relationships between policy instruments and implementation of the five 
management practices. The BNs added value to the initial statistical analysis by providing: 
1.  a more nuanced exploration of causality; and 
2.  representing causal relationships in ways that NRM practitioners working in policy and management 

roles could more readily interpret.
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Introduction

In order to enable and promote the adoption of man-
agement practices by land owners, it is necessary to 
understand what has influenced the rate of adoption 
of different practices in Australia in the past. Pannell 
et al. (2006) provides a useful framework for explor-
ing adoption. This framework is provided below with 
examples: 
1. Nature of the practice, including its trialability, 

observability, complexity and extent of re-skill-
ing, the extent that it fits with existing farming 
systems and lifestyle, the cost and the time for 
returns to accrue, and whether it is a substantial 
improvement on what already exists, 

2. Personal characteristics of landholder and their 
immediate family, including their occupation 
(farmer/non-farmer), education levels, knowl-
edge, skills, length of experience in the area and/
or the extent to which they identify as a farmer; 
level of income, stage of life, extent they are risk 
takers, whether they are introverts or extroverts, if 
there is to be farm family succession, and extent 
of their personal network, 

3. Wider social context of the landholder, includ-
ing prevailing norms, information flows through 
networks, the existence and activities of local 
organisations, and the level of trust in extension 
agents, and 

4. Nature of any intervention/learning process, such 
as a regulation, market-based instrument, grant 
program, and group processes.
Other research has found that knowledge, skills 

and attitudes (MDBC 1990; ASCC 1991), lifestyle 
and values (Barr et al. 2000; Curtis et al. 2001b), 
occupation and the associated ideas, skills and 
financial resources (Curtis and De Lacy 1996; 

Curtis and Robertson 2003; Curtis and Mendham in 
press), and low income (Barr et al. 2000; Curtis et al. 
2001a) have been important in the rate of adoption 
of NRM

Recommended practices for riparian man-
agement that are expected to lead to improved 
biodiversity and water quality outcomes include 
the replacement of willows by native vegetation, 
fencing to manage stock access to riparian areas, 
buffering streams from cultivation, and installing 
off-stream watering points for stock. Property man-
agement action beyond riparian areas also impact 
on water quality and is therefore also in the scope of 
Landscape Logic’s Tasmanian research. For exam-
ple, the rate of fertilizer application and the type of 
tillage practices affect nutrient runoff and soluble 
nutrients can be trapped in wetlands but to a lesser 
extent by buffer strips. 

The social research team in Landscape Logic 
used surveys mailed to random selections of ripar-
ian landholders, and one-on-one interviews with 
other riparian landholders, industry representa-
tives and government staff to explore these issues 
in six Tasmanian catchments. The research team 
then conducted a comprehensive analysis of the 
data, which is presented in a report by Curtis et al. 
(2009). Previous work has shown that Bayesian net-
works (BNs) can be a useful aid in the exploration of 
causality, prioritising of key causes and effects, and 
as a communication tool (Ticehurst et al., 2009). A 
BN analysis is the focus of this report, detailing the 
models for five management practices investigated 
in the social research, and presenting the findings 
from a simple analysis using the models, in the 
adoption of those practices. 
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Background

Background details of the social research into 
riparian management in Tasmania, and Bayesian 
networks used in this work, is given in this section.

The Tasmanian Riparian Study
Drawing on the Pannell et al. (2006) framework, the 
extensive literature on adoption studies in Australia 
(e.g. Vanclay 1992; Barr and Cary 1992; Cary et 
al. 2002); their research experience and the ideas 
and experience of Landscape Logic partners, 
Curtis et al., (2009) identified a concise number 
of topics likely to explain differences in the level of 
implementation of recommended practices to be 
included in the mail survey. These topics included: 

  values attached to the water way and adjoining 
wetlands

  knowledge of natural resource management
  attitudes about roles and responsibilities of key 
stakeholders in the management of river /creek 
frontages and adjoining wetlands

  assessment of issues relevant to natural resource 
management, including the condition of the river 
/creek running through the property

  confidence in recommended practices
  management practices implemented
  involvement in a short course related to property 
management

  involvement in government NRM programs
  constraints to better management of river /creek 
frontages and adjoining wetlands

  long-term plans for the property, including 
disposal or acquisition of land through sale, sub-
division or leasing

  extent of property and succession planning (and 
extent property held within family)

  a range of other social and farming key factors, 
including: property size, occupation, Landcare 
membership, absentee or resident owner, on and 
off-property work (available time), on and off-
property income, enterprise mix, age (stage of 
life), gender. 

A survey around these topics was developed, 
refined and tested utilising input from local stake-
holders and other Landscape Logic partners. Six 
catchments were selected to be the case studies 
for this investigation, two in each NRM region (Coal 
and Jordan in NRM South, Macquarie and Quamby 
Brook in NRM North, and Pet and Inglis-Flowerdale 
in Cradle Coast). These catchments were selected 
because they had had substantial investment from 
government programs, and they were subject to 
a range of biophysical, socio-economic and agri-
cultural contexts. A summary of the catchments is 
provided in Table 1, but a more detailed description 
is provided by Curtis et al., (2009)

Bayesian networks
Bayesian networks (BNs) are one of many tech-
niques available to integrate data, knowledge and 
information from different sources, disciplines and 
points of view (See Letcher and Weidemann, 2004 
for examples of integration techniques). They are 
considered to be one of the more simplistic integra-
tive approaches, where each process in a complex 
system does not need to be explicitly represented 
(Borsuk et al. 2004). BNs are developed to represent 
a system through a series of key factors, which rep-
resent key factors in the system, joined by causal 
links (Pearl, 1988). A distinctive feature of BNs is 
that causal links are described using probabil-
ity distributions. The probability distributions can 
be determined using both quantitative (observed 
data, mathematical relationships or model simu-
lation results) and qualitative (expert and local 
knowledge) information (Varis and Kuikka, 1997). A 
review of the use of BNs in water resource modeling 
and management can be found in a special issue of 
Environmental Modeling and Software, introduced 
by Castelletti and Soncini- Sessa (2007). The advan-
tages and disadvantages of using BNs in Natural 
Resource Management (NRM) are discussed in 
Ticehurst et al. (2008), and can also be found in 
Ticehurst et al., (2010).

Table 1: Summary of case study catchments

Coal Jordan Macquarie Quamby 
Brook Pet Inglis-

Flowerdale

Area (km2) 970 1253 3800 82 31 610

Rainfall 
(mm)

640 600 600 830 1500 1370

Dominant 
land cover

Dryland 
pastures
Irrigated crops

Forest
Dryland 
pastures

Dryland 
pastures

Dairy cattle
Cropping
Grazing
Hobby farms
Urban

Beef and dairy 
cattle
Plantation 
forestry

Native and pine 
plantations
Grazing 
cropping and 
dairy
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The Landscape Logic social research team was 
responsible for carrying out the social investigation 
in the six case study catchments in Tasmania. Then, 
led by the Landscape Logic integration team, they 
assisted in the development of four BNs drawing 
heavily upon the information gained from the social 
investigation, and other experience.

Tasmanian Social Investigation
In summary, the social research team collected 
quantitative and qualitative data using: 
1. A structured questionnaire mailed to a random 

sample of property owners with properties 
greater than 10ha, and at least 1ha of native veg-
etation within 50m of any mapped waterway 
(310 questionnaires posted, with 65% response 
rate). 

2. Semi-structured in-depth interviews with 43 
landholders (commercial farmers and non-farm-
ing landholders) (at least six from each study 
area) selected to represent the main social and 
farming characteristics of river frontage owners; 
and

3. Semi-structured in-depth interviews with 14 
people identified as representatives, or highly 
informed members, of additional stakeholder 
groups (e.g. regional catchment project man-
agers, regional NRM organisations, significant 
agricultural industries and state-wide organisa-
tions/interest groups).
Survey data analysis included typical descriptive 

statistics, correlations, chi-square tests, Fishers exact 
tests, Z tests for proportions, Kruskal Wallis tests, lin-
ear modelling, stepwise multiple linear modelling 
and logistic stepwise generalised linear modelling 
(For more detail see Ticehurst et al., 2010). These 
tools were used to explore relationships between 
independent key factors thought to influence the 
implementation of recommended management 
practices (dependent key factors). For example, the 
participation in Landcare and the implementation 
of off-stream watering points for stock. If the values 
were significant, then those key factors were consid-
ered as possible predictors of each recommended 
practice. Each of these possible predictors were 
then scrutinised for a response rate above 80% to 
ensure modelling integrity. The final list of predic-
tors was then used in a stepwise modelling process 
that used Akaike's information criterion as the step 
criteria and multi-collinearity issues were dealt 
with at each step. If the dependent recommended 
practice key factor was continuous then a stepwise 
linear modelling process was used. If the depen-
dent Management Practice (MP) was dichotomous, 

Methods

then a stepwise binomial generalised linear mod-
elling process was used. The modelling process 
was used to see which key factors contributed col-
lectively to the implementation of recommended 
practices. These were listed for management prac-
tice and are given for each of the MPs explored in 
this paper in the results section below. It is impor-
tant to note that a range of methodologies was used 
in the pairwise fashion to explore relationships 
between factors expected to influence the adoption 
of MPs, particularly multiple regressions. 

Development of the Bayesian network 
models
The social survey conducted in Tasmania asked 
about the landholders’ management through 20 sur-
vey items focused on a smaller number of MPs. Of 
these MPs, a subset of five was selected through 
consultation with key stakeholders, that were 
believed to address a range of issues of interest to 
Landscape Logic stakeholders:

MP1: Fencing rivers/streams/wetlands to manage 
stock access (Practices undertaken by the land man-
ager during their period of management)

MP2: Removed willows (Practices undertaken by the 
land manager during their period of management)

MP3: Removed willows and replaced them with 
native vegetation (Practices undertaken by the land 
manager during their period of management)

MP4: Have a fertilizer nutrient budget calculated 
for all/most/some of the farm (Practices under-
taken in 2008)

MP5: Stock only able to graze any part of the 
river/creek frontage or adjoining wetlands for 
less than a week at a time in 2008 (Practices under-
taken in 2008)

Four BNs were developed to explore the adop-
tion of the MPs. MP 2 & 3 were incorporated into the 
same BN, due to their similarity.

The method used to develop the BN models was 
similar to that of Ticehurst et al. (2009). The statisti-
cal approach described above was used to identify 
the key factors influencing the each MP. These were 
represented as nodes in the BN, and described 
using states relevant to the survey responses. An ini-
tial representation of the causality links between the 
key factors was developed by the social research 
team, and some additional variables were added if 
they were deemed to be important. The BNs were 
then reviewed by the local stakeholders at two work-
shops, where they were asked to discuss and where 
necessary adjust the causal links represented in the 
frameworks. 
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The BNs were developed using the Netica soft-
ware (www.norsys.com), and populated with the 
data directly from the survey responses. Some 
management practices were only relevant for land-
holders with livestock, and if the landholder did not 
answer the survey question relevant to the man-
agement practice, then all of their responses were 
removed for that BN. As a result the different BNs 
had differing n values used to populate them, and 
these values are given in the results. 

The data was imported into Netica using the 
incorporate casefile algorithm. This algorithm 
ignores a case if the key factor (i.e. node) being 
filled, or any of its contributing key factors (i.e. par-
ents) have missing data where the respondents did 
not answer the question. This created issues when 
populating the quite complex BN frameworks, and 
led to some key factors having insufficient data to 
be populated. To overcome this issue, the BN frame-
works were reduced one key factor or link at a time, 
removing the key factors or links that were believed 
to be of minor importance, or as a result of a correla-
tion rather than causation, until the available dataset 
was able to sufficiently populate and run the BN. A 
copy of the more complex BN frameworks are avail-
able in Appendix E. With more completed surveys, 
or supplementing with expert opinion, these frame-
works could be made into working BN models.

A sensitivity analysis (SA) was performed for 

each of the management practices in each of the 
BNs. The SA ranks the influence of each key fac-
tor in the BN on the key factor of interest (e.g. the 
management practice) using the Mutual Information 
(or entropy) measure (for categorical key factors 
(ie. Nodes)) or the Variance of Beliefs measure (for 
continuous key factors (ie. Nodes)), both described 
in Marcot et al. (2006). A value of 0 indicates no 
influence on a node whilst measure of 1 indicates 
a perfect causal relationship between two key fac-
tors. Usually, key factors that are directly linked to 
the node of interest will have larger values than 
those nodes not directly linked. Thus, the structure 
of the BN can strongly influence the results from 
the sensitivity analysis. If sufficient data are avail-
able, there are software packages that can be used 
to learn the structure of the BN from the data alone 
(e.g. Ticehurst et al., 2009). Unfortunately there was 
not sufficient data here to do this. Instead the results 
are shown from a hierarchical SA. In this case only 
the parents of the key factor of concern (initially 
the management practice of the BN) are enabled 
when doing the sensitivity analysis. Then another 
hierarchical SA (ie. Including the parents only) 
is performed on the key factor that was found to 
have the most influence. This was continued back 
through the BN structure until it reached a key factor 
that only had only one parent. 

Pet River fenced for stock exclusion (adoption of CRP) showing native vegetation recovery. Photo: Royce Sample.
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This section presents the key results from the social 
surveys that were used to develop the BNs, and then 
the results and discussion on the results from the 
sensitivity analysis. 

Tasmanian social survey
The pairwise statistical analysis found the following 
key factors to contribute collectively to the 
implementation of these management practices:

MP1: Fencing rivers /streams /wetlands to man-
age stock access (Practices undertaken by the land 
manager during their period of management)

  Values frontage /adjoining wetlands for providing 
important shade and shelter for stock 

  Believe that vegetation on the frontage helps to 
hold the banks and stop erosion

  Higher self-assessed knowledge of the main 
sources of nitrogen that enter district waterways 

  Higher self-assessed knowledge of the role of 
perennial vegetation in river /creek frontages and 
adjoining wetlands in removing nutrients from 
water running off paddocks 

  Identifying as a farmer by occupation 
  Have a property management or whole farm plan 
  Family has agreed to a property succession plan
  Currently irrigating at least some of their 
property

MP2: Removed willows (Practices undertaken by the 
land manager during their period of management)

  Agree that it is a balance between water for the 
environment, agriculture, town water supply and 
recreation

  Values the frontage /adjoining wetlands for pro-
viding important shade and shelter for stock

  Don’t plan to sell the property
  Involvement in local area planning
  Confident that removing willows helps to improve 
the water quality in rivers/creeks

  Part of the river/creek frontage is not under a 
Crown Land reserve

MP3: Removed willows and replaced them with 
native vegetation (Practices undertaken by the land 
manager during their period of management)

  Values the frontage /adjoining wetlands because 
vegetation on the banks helps to stop erosion

  Values the frontage /adjoining wetlands because 
it provides habitat for native birds and animals 

  Values the frontage /adjoining wetlands because 
woody matter such as snags offer protection for 
fish and other animals that live in the river/creek

  Higher self-assessed knowledge of the main 

Results 

sources of nitrogen that enter district waterways 
  Not a Landcare group member
  Intend to lease or share farm all or most of the 
property (future)

MP4: Have a fertilizer nutrient budget calculated 
for all /most /some of the farm (Practices under-
taken in 2008)

  Concerned about the cost of managing weeds 
and pest animals affecting property profitability 

  Concerned that the rising cost of farming inputs 
is undermining property financial viability 

  Wants the right to use surface or ground water 
for irrigation 

  Concerned that State /local government plan-
ning rules will limit their ability to subdivide the 
property

  Concerned about the new chemical spray regu-
lations for riparian and adjoining areas

  Higher self-assessed knowledge of the propor-
tion of nutrients entering water courses that is 
from dairy paddocks rather from than dairy 
sheds

  Higher self-assessed knowledge of responsibili-
ties under the EMPCA (Environment, pollution 
and control act)

  Higher self-assessed knowledge of the effects 
that soil pugging by stock has on soil erosion and 
nutrient loss from farms

  Higher self-assessed knowledge of the main 
sources of nitrogen that enter district waterways 

  Higher self-assessed knowledge of how to inter-
pret soil tests as a way of checking the application 
of nutrients

  Higher self-assessed knowledge of the role of 
stubble retention and stubble mulching in pre-
venting the loss of nutrients from farms

  Higher self-assessed knowledge of the relative 
contribution of different sources of phosphorus to 
water nutrient levels 

  Higher self-assessed knowledge of the fertiliser 
applications required for optimum production 
across the main enterprises on your property

  Higher self-assessed knowledge of preparing a 
property plan that allocates land use according 
to different land classes

  Higher self-assessed knowledge of the elements 
of water quality critical for public health 

  Confident that allowing limited productive use of 
river /creek frontages such as crash grazing or 
farm forestry is an acceptable way to manage 
these areas

  Plan to purchase, lease or share farm additional 
land 
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  Plan to expand or introduce irrigation)
  Plan to retain property ownership within the 
family 

  Family agreed to a property succession plan
  Male
  Work longer hours on-property
  Longer distance that a river/creek runs along/
through the property

  Not currently irrigating at least some of their 
property

  Not employed a consultant to provide advice 
about property management during the past 
year

MP5: Stock only able to graze any part of the river 
/creek frontage or adjoining wetlands for less 
than a week at a time in 2008 (Practices undertaken 
in 2008)

  Less concerned about the rising cost of farming 
inputs undermining financial viability of property

  Less concerned about new chemical spray regu-
lations for riparian and adjoining areas

  Doesn’t value the frontage or adjoining wetlands 
because they provides additional land for graz-
ing stock, particularly in summer

  Doesn’t value the frontage or adjoining wetlands 
because they provide access to water for stock

  Doesn’t value the frontage or adjoining wetlands 
because they add to the market value of the 
property

  Not confident that the time and expense involved 
in watering stock off-stream is justified by 
improvements in river /creek water quality

  Not been involved in local action planning
  Member of Landcare
  Member of a local commodity group
  More hours of off-property work 
  Smaller property size
  Shorter length of distance that a river /creek runs 
through property

The BN frameworks
The frameworks for the working BN models used in 
this paper are given in Figures 1 to 4. Documentation 
of the links and assumptions in each of the models is 
given in Appendices A through to D, and Appendix 
E shows the more complex BNs that were unable 
to be populated to a useful standard due to time 
constraints.

Populating the BNs
Management practices (MP) 1 and 5 were only rel-
evant to landholders with livestock so the responses 
of landholders who did not report that they had a 
livestock enterprise on the property were removed. 
Also, if the landholder did not answer the survey 

question relevant for each of the considered man-
agement practices, then all of their survey responses 
were removed from the BN. Consequently the num-
ber of survey responses used to populate each BN 
vary, as shown in Table 2. 

Table 2: Number of survey responses (n) used to 
populate each of the management practice BNs

BN n-value Special conditions

MP1 84 Livestock only

MP2&3 139 All landholders

MP4 136 All landholders

MP5 116 Livestock only

It is important to note that due to the fundamen-
tal differences in the analysis techniques presented 
here using the BNs (e.g. the propagation of joint 
probabilities), and that presented in the associated 
report using conventional statistical analysis (Curtis 
et al., 2009), the exact figures may vary slightly, but 
the key messages are similar.

Sensitivity analysis results
 Note that in the results section only part of the BN 
is shown, for ease of seeing and interpreting the 
results, but the whole BN model was run when the 
probability was generated. Any numerical results 
are presented to one decimal place in order to be 
consistent with what is shown in the figures, but it is 
recognized that the results would not be accurate to 
that level of detail.

MP1: Fencing rivers/streams/wetlands to 
manage stock access 

The most influential key factor on the fencing of 
riparian areas to manage stock access was knowl-
edge, followed by whether they had received 
support from government programs, and then 
Landcare (Figure 5). The least influential key fac-
tors were related to the location (i.e. catchment 
and region), suggesting that the adoption of fenc-
ing riparian areas did not vary depending on the 
catchment. These findings indicate that increasing 
relevant knowledge, perhaps through government 
programs, could be one possible way to make a 
significant impact on the adoption of the fencing of 
riparian areas to manage stock access, particularly 
for greater lengths of fencing (i.e. >1km). Here rel-
evant knowledge is defined as having knowledge 
of the main sources of nitrogen that enter district 
waterways, OR the role of perennial vegetation in 
river/creek frontages and adjoining wetlands in 
removing nutrients from water running of paddocks 
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Government programs

Yes
No

45.3
54.7

1.55 ± 0.5

Occupation

Farmer
Professional
Trades
Retiree
Investor
Other

38.7
14.1
16.7
15.7
6.97
7.80

2.62 ± 1.6

Fencing for stock management

None
<250m
250m - 1km
>1 km

31.7
11.5
14.5
42.2

0.688 ± 0.64

Knowledge

Irrelevant
Relevant

64.9
35.1

Values

Irrelevant
Relevant

41.8
58.2

PMP plan

Yes
No

58.1
41.9

Succession plan
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Catchment

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

22.5
17.4
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Figure 1. : Bayesian network for MP 1: Length of fencing erected to manage stock access to the waterway or 
adjoining wetlands (km) (Practices undertaken by the land manager during their management period).
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21.9
15.5
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7.11

2.63 ± 1.6

Catchment
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Macquarie
Jordan
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13.1
18.9
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14.7
14.1
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Government_Programs

Yes
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Participant
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56.9

Nitrogen knowledge

Yes
No
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83.9

Values

Relevant
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27.5

Figure 2. Bayesian network for MP2 & 3: Removed willows, and removed willows and replaced them with 
native vegetation (Practices undertaken by the land manager during their management period).

(Appendix A). … Figure 6 shows that without rel-
evant knowledge (ie. Irrelevant knowledge, Figure 
6a) 38.1% of landholders were likely to have not 
done any fencing of their riparian areas, but with 
‘relevant knowledge’ (shown specifically in Figure 
6b) this figure was reduced to 20%. The hierarchical 
sensitivity analysis (Table 3) showed that Landcare 

participation was the key influence over knowl-
edge. Given that ‘occupation’ was the only parent 
of Landcare in this BN, this shows that there is an 
important link between occupation, landcare partic-
ipation, knowledge and the fencing of riparian areas 
to manage stock access.
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7.24

2.64 ± 1.6
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Figure 3. Bayesian network for MP4: Do you have a fertilizer nutrient budget calculated for all/most/some of 
the farm (Practices undertaken in 2008).
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Retiree
Investor
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17.0
6.04
6.74

2.61 ± 1.6

View of offstream watering

Worthwhile
Other response
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46.5

0.465 ± 0.5

Government programs

Yes
No
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61.3

Riparian grazing

< 1 week
> 1 week
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45.1
31.9
23.1
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Inglis Flowerdale
Pet
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Jordan
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23.1
13.1
20.7
14.6
14.3
14.3
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36.2
35.3
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Figure 4. Bayesian network for MP5: Did stock graze any part of your river/creek frontage or adjoining 
wetlands for more than a week at a time? (Practices undertaken in 2008).

Table 3: The results from the hierarchical sensitivity analysis for MP1.

Focus ‘Key factor’ Parent ‘key factors’ ranked 
according to influence Measure of sensitivity

1) ‘Fencing_stock’

Variance of beliefs
Knowledge 0.0029481
Government_Programs 0.0012762
Landcare 0.0010193
Values 0.0007198

2) ‘Knowledge’

Mutual information
Landcare 0.05586
Occupation 0.02623
PMP_plan 0.00331

3) ‘Landcare’ Occupation The only parent 
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Figure 5. Sensitivity 
analysis results for MP1: 
Fencing rivers /streams 
/wetlands to manage 
stock access (Practices 
undertaken by the land 
manager during their 
period of management). 
See Methods section to 
review description of 
‘Variance of beliefs’.
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Knowledge
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38.1
9.03
13.7
39.1

0.637 ± 0.64

Knowledge

Irrelevant
Relevant

   0
 100

Fencing for stock management

None
<250m
250m - 1km
>1 km

20.0
16.1
16.1
47.9

0.781 ± 0.63

a) Irrelevant knowledge b) Relevant knowledge

Figure 6. The BN results showing the impact of a) irrelevant knowledge, and b) relevant knowledge, upon the 
length of fencing around riparian areas.

MP2 & MP3: Removed willows, and 
removed willows and replaced them with 
native vegetation 

The removal of willows (and possibly replacing 
them with native vegetation), is most influenced 
by whether someone is a Landcare participant or 
not, followed by whether they had received govern-
ment programs and then values. Again the location 
(i.e. Region and Catchment), had a minimal impact 
upon the adoption of the removal of willows. Figure 
8a shows that 50.2% of Landcare participants 
had removed willows (ie. 25.8% remove willows 
only plus 24.4% who had removed willows and 

0 0.02 0.04 0.06

Landcare

Government_Programs

Values

Knowledge

LAP

Occupa�on

Water_balance

Catchment

Future_plans

Region

Mutual informa�onLeast tsoMecneulfni  influence

Figure 7. 
Sensitivity analysis 
results for MP2 & MP3: 
Removed willows, and 
removed willows and 
replaced them with native 
vegetation (Practices 
undertaken by the land 
manager during their 
period of management 
period) See Methods 
section to review 
description of ‘Mutual 
information’.

replanted with native vegetation). However, only 
27.4% of respondents who weren’t participants 
in Landcare had undertaken action on the willows 
(ie. 13.0% Remove only plus 14.4% removed wil-
lows and replant with natives) (Figure 8b). The 
high number of participants who removed willows 
only without replacement has been attributed to 
landholders’ belief that trees along river frontages 
complicate management (Curtis et al., 2009). These 
results indicate that promoting people to participate 
in Landcare could be one way of encouraging the 
adoption of willow removal, but given that it is an 
expensive activity, additional funding support could 
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also be required to aid its adoption. The hierarchical 
sensitivity analysis (Table 4) shows that occupation 
was the key influence over Landcare participation. 
This again shows an important link between occu-
pation, Landcare participation, and the adoption of a 
management practice, here willow removal.

MP4: Do you have a fertilizer nutrient 
budget calculated for all/most/some of the 
farm 

The sensitivity analysis show that whether someone 
develops a fertiliser nutrient budget is most influ-
enced by their views about the limited productive 
use of riparian land, then their financial concerns 
and whether they had employed an environmental 
consultant (Figure 9). Those who agree that a limited 
productive use of riparian areas is acceptable are 
less likely to have a fertiliser nutrient budget (Figure 
10). This is a good example of where the variables 
directly linked to the endpoint are most influential, 
and given that this variable shows a correlation 
more than causal relationship, in order to interpret 
this information you need to explore the net further. 
The limited productive use key factor is essentially 
an aggregate of different types of knowledge. The 
hierarchical sensitivity analysis in Table 5 shows that 
knowledge, river length and catchment are the key 
factors through the BN that influence whether some-
one has a nutrient fertiliser budget or not.

Willow management

None
Remove only
Remove and replant
Not applicable

18.0
25.8
24.4
31.8

Landcare

Participant
Not participant

 100
   0

Willow management

None
Remove only
Remove and replant
Not applicable

16.1
13.0
14.4
56.5

Landcare

Participant
Not participant

   0
 100

a) Landcare participant b) Not Landcare participant

Figure 8. BN results showing the impact of a) being a Landcare participant, and b) not being a Landcare 
participant, on actions for willow management.

Table 4: The results from the hierarchical sensitivity analysis for MP2 & 3.

Focus ‘Key factor’ Parent ‘key factors’ ranked 
according to influence Measure of sensitivity

1) ‘Willow_removal’

 Mutual information

Landcare 0.04979

Government_Programs 0.0373

Values 0.02771

Knowledge 0.01222

2) ‘Landcare’

 Mutual information

Occupation 0.0508

Values 0.00214

Water_balance 0.00103

Future_plans 0

3) Occupation Catchment The only parent

Figure 11a shows that people with weak 
knowledge about the sources of nutrients, nutrient 
loss and about the external consequences of 
nutrient levels are most likely (69.5%) to agree 
that limited productive use of riparian land is 
acceptable, of these people 29% are likely to have 
completed a nutrient budget. When compared to 
those with a strong knowledge about the sources 
of nutrients, nutrient loss and about the external 
consequences of nutrient levels (Figure 11b), only 
43.8% agree that limited productive use of riparian 
land is acceptable, and 39.1% of these people 
are likely to have completed a fertiliser nutrient 
budget. The difference between farmers and non-
farmers may provide at least part of the explanation 
for the relationships described. Farmers are more 
likely to be focussed on production outcomes and 
profitability, hence more likely to apply fertiliser and 
want to do this in ways that maximise returns. In this 
study, 43.2% of farmers had completed a fertiliser 
budget, compared to no more than 35.1% for any 
of the ‘non-farmer’ occupations in the BN (Table 6). 
Farmers are more likely to have strong knowledge 
compared to weak knowledge (45.1% compared 
to 25.8%), while non-farmers are more likely to 
have weak knowledge (74.2% weak knowledge 
compared to 54.9% strong). Continuing, farmers are 
more likely to disagree that the limited productive 
use of riparian land is acceptable. It then makes 
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Figure 9. Sensitivity 
analysis results for 
MP4: Do you have 
a fertilizer nutrient 
budget calculated 
for all/most/some of 
the farm (Practices 
undertaken in 2008) 
See Methods section 
to review description 
of ‘Mutual 
information’.

Fertiliser nutrient budget

Yes
No
Not applicable

53.4
30.6
16.0

Limited productive use of riparian

Disagree
Agree
Not applicable

 100
   0
   0

0

Fertiliser nutrient budget

Yes
No
Not applicable

26.2
43.8
30.0

Limited productive use of riparian

Disagree
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Not applicable

   0
 100
   0

1

Fertiliser nutrient budget

Yes
No
Not applicable

17.7
32.5
49.8

Limited productive use of riparian

Disagree
Agree
Not applicable

   0
   0

 100
2

a) Disagree that the limited use of 
riparian land for production is acceptable

b) Agree that the limited use of riparian 
land for production is acceptable

c) Thought that the limited use 
of riparian land for production is 
acceptable was not applicable to them

Figure 10. The impact of a) disagreeing, b) agreeing or c) it is not applicable what their view of the limited 
productive use of riparian areas is, upon whether someone has a fertiliser nutrient budget or not.

Table 5: The results from the hierarchical sensitivity analysis for MP4.

Focus ‘Key factor’ Parent ‘key factors’ ranked 
according to influence Measure of sensitivity

1) ‘Nutrientbudget’

Mutual information
Limit_prod_use 0.07414
Financial_concerns 0.05016
Consultant 0.02027

2) ‘Limit_prod_use’

Mutual information
Knowledge_loss 0.07492
Knowledge_sources 0.06934
Knowledge_external 0.00166

3) ‘Knowledge_loss’
Mutual information

Knowledge_sources 0.15035
Occupation 0.04614

4) ‘Knowledge_sources’
Mutual information

River_length 0.04149
Occupation 0.01296

5) ‘River_length’
Variance of beliefs

Catchment 0.0054999
Occupation 0.0045765

6) Catchment Region The only parent



16 Landscape Logic Technical Report No. 25

Figure 11. The impact of a) weak knowledge, and b) strong knowledge of various topics upon the view of the 
limited productive use of riparian areas, and then whether someone has a fertiliser nutrient budget.

sense that farmers with a strong knowledge are 
more likely to complete a fertiliser nutrient budget, 
than non-farmers who may not necessarily need 
one.

Table 6: The likelihood that a person has completed 
a fertiliser nutrient budget, or not, or thought that 
is was not applicable, depending upon their self 
identified occupation.

 Fertiliser nutrient budget

Occupation Yes No Not applicable

Farmer 43.2 34.9 21.9

Professional 29.7 39.8 30.5

Trades 30.8 39.4 29.8

Retiree 30.1 39.7 30.2

Investor 35.1 37.2 27.8

Other 28.9 39.3 31.8

 Limited productive use of riparian

Disagree
Agree
Not applicable

18.3
69.5
12.2

0.939 ± 0.55

Knowledge about nutrient sources

Weak
Strong

 100
   0

Knowledge about nutrient loss

Weak
Strong

 100
   0

Occupation

Farmer
Professional
Trades
Retiree
Investor
Other

25.8
18.6
28.5
20.6
1.09
5.36

2.69 ± 1.4

Knowledge about external consequences

Weak
Strong

 100
   0

Fertiliser nutrient budget

Yes
No
Not applicable

29.0
40.5
30.5

 Limited productive use of riparian

Disagree
Agree
Not applicable

43.8
43.8
12.5

0.688 ± 0.68

Knowledge about nutrient sources

Weak
Strong

   0
 100

Knowledge about nutrient loss

Weak
Strong

   0
 100

Occupation

Farmer
Professional
Trades
Retiree
Investor
Other

45.1
6.77
27.7
11.2
3.29
5.95

2.39 ± 1.5

Knowledge about external consequences

Weak
Strong

   0
 100

Fertiliser nutrient budget

Yes
No
Not applicable

39.1
35.7
25.3

a) Weak knowledge

b) Strong knowledge

MP5: Did stock graze any part of your 
river/creek frontage or adjoining wetlands 
for more than a week at a time? 

The most influential key factor on whether someone 
has grazed their riparian area for more than a week 
at a time was whether they thought that off-stream 
watering was a worthwhile investment (Figure 12). 
This was followed by government programs and 
values. Figure 13 shows that those who viewed off-
stream watering as worthwhile were more likely to 
graze for greater than one week (36.8%) compared 
to those who did not think that off-stream watering 
was worthwhile (25.3%). These results are counter-
intuitive and further investigation of the strengths of 
various other causal links in the net, and the hier-
archical sensitivity analysis (Table 7), did not offer 
an obvious explanation for them. This included 
looking for links between occupation (farmers and 
non-farmers), taking into account that non-farmers 
who may not have livestock would not graze their 
riparian areas much, and therefore would not need 
off-stream watering. However, occupation varied 
the probability of grazing for less than a week by 
no more than 3%. This could indicate that there is 
another important factor that has not been included 
in the BN, or that given the low level of sensitivity 
of the results (<0.017), there is currently still not 
enough data to run this model in its current form.
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Figure 12. Sensitivity 
analysis results for MP5: 
Did stock graze any 
part of your river/creek 
frontage or adjoining 
wetlands for more than a 
week at a time? (Practices 
undertaken in 2008) See 
Methods section to review 
description of ‘Mutual 
information’.
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a) View that offstream watering is 
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Figure 13. The impact of a) a view that offstream watering is worthwhile, and another response (i.e. it is not 
worthwhile or not applicable), upon riparian grazing practices.

Table 7: The results from the hierarchical sensitivity analysis for MP5.

Focus ‘Key factor’ Parent ‘key factors’ ranked 
according to influence

Measure of 
sensitivity

1) ‘Riparian_grazing’

Mutual information

Views 0.01621

Government_programs 0.00924

Values 0.00609

Community_group 0.0002

2) ‘Views’

Mutual information

River_length 0.00716

Occupation 0.0052

3) ‘River_length’

Variance of beliefs

Catchment 0.0053998

Property_size 0.0036534

4) ‘Catchment’ Region The only parent
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This report presents the results of a BN analysis 
of survey responses towards the management of 
riparian areas in six catchments in Tasmania. The 
BN development process, through the review of the 
BN influence diagrams, facilitated focused discus-
sion with key stakeholders in the study regions, and 
better enabled open communication between them 
and the researchers. 

The initial BN frameworks developed with the 
stakeholders could not be supported as working 
BN models because of the limited size of the sur-
vey sample (not designed with the BNs in mind), 
and resources limiting the use of additional expert 
opinion or other literature to supplement the small 
survey response. In a previous study by Ticehurst 
et al. (2009), which used the same method, more 
survey responses were available to populate the 
BN (503), compared to in this study (146). For this 
research, the frameworks were simplified until they 
could be supported as working models by the avail-
able data. With limited input data and/or a complex 
framework, a BN can be quite insensitive. Despite 
its reduced form, this could have still been a limi-
tation of the BN for MP5: Did stock graze any part 
of your river/creek frontage or adjoining wetlands 
for more than a week at a time? (Practices under-
taken in 2008), where the sensitivity analysis results 
were quite small (<0.017), and the findings difficult 
to interpret.

Despite these limitations, the results of the sen-
sitivity analysis showed that different key factors are 
most influential for different management practices:

  MP1 fencing for stock management: influenced 
most by knowledge, 

  MP2&MP3 the management of willows on 
riparian areas: influenced most by Landcare 
participation, 

  MP4: having a fertilizer nutrient budget: influ-
enced most by the view about the acceptability 
of the use of the riparian area for limited produc-
tion, and

  MP5: Grazing of riparian areas: influenced most 
by the view of offstream watering.
This indicates that to effectively influence the 

Discussion & conclusions

adoption of NRM practices, the engagement meth-
ods and intervention types may need to be more 
specifically related to the intended outcome. The 
results also suggested that the location (i.e. region 
and catchment) did not have a large influence. 
Therefore the NRM management, at a general level, 
need not necessarily vary, initially at least, between 
catchments and regions.

The useful interpretation of the results of a BN 
sensitivity analysis is not always straight forward, 
because the variables directly linked to the end 
point are likely to be more influential than oth-
ers. This was particularly the case here for MP4, 
where the view about the acceptability of the lim-
ited productive use of riparian areas was found to 
most influence whether a landholder had a nutrient 
fertilizer budget or not. However, further inves-
tigation showed a causal link with occupation and 
knowledge through the view of the productive use 
of riparian area, which was only a correlation not a 
causal link. In fact the results from the hierarchical 
sensitivity analysis of the BNs showed that there was 
a common causal relationship between occupation, 
landcare participation, knowledge and management 
practice. Using the BNs in this research improved 
our understanding of the causality impacting upon 
the implementation of the MPs, compared to the 
conventional analysis, and thus assisted in provid-
ing more useful outcomes for the implementation of 
NRM.

Given the limitations, these results are indica-
tive only. However, they still provide NRM managers 
with a means of exploring the key factors influenc-
ing the adoption of various management practices, 
and facilitating discussion around their own experi-
ences. Stronger BNs supported by more data, which 
could include more surveys or expert review and 
supplementation, could be used to generate stron-
ger outcomes and have more direct influence over 
NRM management in these areas. Then there would 
be the capacity of BNs to enable more effective 
interaction between researchers and practitioners 
to explore the impact of various possible policy 
instruments.
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Appendices A to D details the assumptions, data source(s) and underlying information relevant to the 4 BNs 
presented in this paper. The data source(s) in the documentation states the survey question(s) that relates to 
that variable. Appendix E1 to E5, show the earlier, more complex, influence diagrams for each MP that are 
currently not completed into working BN models.

Appendices
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Catchment (Catchment)

A discrete node that specifies the catchments where 
the survey was conducted. To include the data from 
all catchments, have the node set to ‘neutral’ (i.e. .no 
state has been specified to be 100%), otherwise a 
single catchment of interest can be selected.

States Input Link(s) Output Link(s)

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

Region Occupation

Data source(s)

Catchment where the respondent’s property was 
located

Assumption(s)

N/A

Appendix A: Documentation for MP 1 – Length of fencing 
erected to manage stock access to the waterway or 
adjoining wetlands (km) (Practices undertaken by the 
land manager during their management period)

Fencing for stock management 
(Fencing_stock)

The length of fencing the respondent has installed 
to manage stock access to their waterways and 
adjoining wetlands in their management period.

States Input Link(s) Output Link(s)

None
<250m
250m – 1km
>1km

Values
Knowledge
Landcare
Government 
programs

N/A

Data Source(s)

Length of fencing erected to manage stock access 
to the waterway or adjoining wetland [km].

Assumption(s)

  Respondents are able to accurately estimate the 
length of fencing they have carried out.

  Those who value their riparian areas for shade 
and shelter, and erosion protection are more 
likely to fence to manage stock access to their 
waterways

  Respondents with relevant knowledge about 
nitrogen sources and perennial vegetation to 
remove nutrients are more likely to fence to man-
age stock access to their waterways.

  Landcare participants are more likely to fence to 
manage stock access.

  Those who have received government program 
support are more likely to fence their riparian 
areas to manage stock access.
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Government_Programs 
(Government_Programs)

Whether the respondent has received support from 
government programs since the start of 2004 till the 
time of the survey (a period of 5 years).

States Input Link(s) Output Link(s)

Yes
No

Values 
PMP plan
Landcare
Occupation

Fencing for stock 
management

Data Source(s)

Since the start of 2004 (past 5 years), did Federal or 
State government programs or the regional Natural 
Resources Management organisation support work 
on your river/creek frontage or adjoining wetlands? 
Yes No

Assumption(s)

  Respondents know the source of support for proj-
ects undertaken on their property, which is not 
always the case.

  A persons’ values will influence whether they are 
likely to seek government support to act upon 
those values.

  Those who have completed a PMP plan, are 
Landcare participants, and/or are farmers will 
have greater access to government support, and 
will have greater knowledge of who to source it.

Knowledge (Knowledge)

A self assessment of the level of knowledge that a 
respondent has on a list of relevant topics.

States Input Link(s) Output Link(s)

Relevant
Irrelevant

Occupation
PMP plan
Landcare

Values
Fencing for stock 
management

Data source(s)

  Assessment of your knowledge of the main 
sources of nitrogen that enter district water-
ways. Not applicable/No knowledge/Very little 
knowledge/Some knowledge/Sound knowledge 
(sufficient to act)/Very sound knowledge (could 
give a detailed explanation)

  Assessment of your knowledge of the role of 
perennial vegetation in river/creek frontages 
and adjoining wetlands in removing nutrients 
from water running off paddocks. Not applica-
ble/No knowledge/Very little knowledge/Some 
knowledge/Sound knowledge (sufficient to act)/
Very sound knowledge (could give a detailed 
explanation).

Assumption(s)

  “Relevant” knowledge was for those who 
answered that they had knowledge of the main 
sources of nitrogen that enter district waterways, 
OR the role of perennial vegetation in river/creek 
frontages and adjoining wetlands in removing 
nutrients from water running of paddocks. This 
was because the statistical analysis (see Curtis et 
al., 2009) found that people who had this knowl-
edge were more likely to fence their riparian 
areas.

  A response of Sound knowledge (sufficient to act) 
for either of the knowledge questions was con-
sidered to be relevant.

  Farmers are more likely to have relevant knowl-
edge compared to non-farmers

  PMP planning, and Landcare are likely to be rel-
evant knowledge sources
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Landcare (Landcare)

Specifies whether the respondent participates in a 
Landcare group.

States Input Link(s) Output Link(s)

Participant
Not participant

Occupation

PMP plan
Knowledge
Government 
programs

Data source(s)

Are you a member or involved with a local Landcare 
group? Yes/No. If no, were you previously a member 
of or involved with a local Landcare group? Yes/No.

Assumption(s)

  Farmers are more likely to be Landcare partici-
pants compared to non-farmers.

  Respondents who answered that they were not 
involved in a Landcare group, but who had pre-
viously been a member, were considered to be 
Landcare participants.

Occupation(Occupation)

Self-identified occupation by the survey respondent.

States Input Link(s) Output Link(s)

Farmer
Professional
Trades
Retiree
Investor
Other

Catchment

Values
Succession plan
PMP plan
Knowledge
Landcare
Government 
programs

Data source(s)

What is your main occupation? (e.g. farmer, teacher, 
accountant, investor, retiree)

Assumption(s)

  The respondent is able to make an accurate 
assessment of their occupation

  Some catchments are more likely to have a farm-
ing population than others

PMP plan (PMP_plan)

Whether the respondent had prepared a property 
management plan (PMP) or whole farm plan. 

States Input Link(s) Output Link(s)

Yes
No

Succession plan
Occupation
Landcare

Knowledge
Government 
programs

Data source(s)

Have you prepared a property management or 
whole farm plan that involved a map and/or other 
documents that addressed the existing prop-
erty situation and included future management 
and development plans? Not started/Early stages/ 
Halfway/Well advanced/Completed/ongoing.

Assumption(s)

  A response of early stages or more was consid-
ered to be a yes. Not started was considered to 
be no.

  Those who have completed a succession plan, 
and looking to hand their property on to another 
generation are more likely to have completed a 
PMP plan.

  Farmers are more likely to complete PMP plans 
compared to non-farmers

  Landcare participants are more likely to com-
plete PMP plans because they can appreciate the 
benefits of holistic planning.

Region (Region)

A discrete node that specifies the NRM Region 
where the survey was conducted. To include the 
data from all regions, have the node set to ‘neutral’ 
(i.e. .no state has been specified to be 100%), other-
wise select the desired NRM region.

States Input Link(s) Output Link(s)

Cradle Coast
NRM North
NRM South

N/A Catchment

Data source(s)

Based upon the catchment where the survey respon-
dent was located. Where Cradle Coast consisted of 
Inglis-Flowerdale, and Pet catchments, NRM North 
included Macquarie and Quamby Brook and NRM 
South Coal and Jordan.

Assumption(s)

None
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Succession plan (Future_plan)

An indication of whether the respondent has a suc-
cession plan in place for their property.

States Input Link(s) Output Link(s)

Yes
No

Occupation PMP plan

Data source(s)

Do you have family members interested in taking on 
your property in the future? Yes/No
If yes, has your family agreed to a succession plan 
for managing the transfer of your property to the 
next generation? Not started/Early stages/Halfway/ 
Well advanced/Completed/ongoing.

Assumption(s)

  A respondent who answered yes to having a fam-
ily member interested in taking on the property, 
AND who had agreed to a succession plan in its 
early stages, or more, were considered to have a 
succession plan.

  Farmers are more likely to have a succession 
plan than non-farmers.

Values (Values)

A self-assessed measure of why the respondent’s 
creek or river frontage is important to them. 

States Input 
Link(s) Output Link(s)

Relevant
Irrelevant

Occupation
Knowledge

Government programs
Fencing for stock 
management

Data source(s)

  Why your river/creek frontage and adjoining wet-
lands are important? Provides important shade 
and shelter for stock. Not applicable/Not impor-
tant/Minimal/Some Important/Very important.

  Why your river/creek frontage and adjoining 
wetlands are important? Vegetation on the front-
age helps hold the banks and stop erosion. 
Not applicable/Not important/Minimal/Some 
Important/Very important.

Assumption(s)

  “Relevant” values were those who answered that 
their riparian area was important for shade and 
shelter for stock, OR who thought that vegetation 
on the frontage helps hold the banks and stop 
erosion. This was because the statistical analysis 
(see Curtis et al., 2009) found that people who 
thought these values were important were more 
likely to fence their riparian areas.

  “Irrelevant” values were those who DID NOT think 
that these were riparian values were important.

   A response of ‘Important’, or ‘Very important’, 
contributed to relevant values, while a response 
of ‘Some or less was considered to not be 
important.

  A landholders’ knowledge influences their values.
  Farmers will have different values compared to 
non-farmers.
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Catchment (Catchment)

A discrete node that specifies the catchments where 
the survey was conducted. To include the data from 
all catchments, have the node set to ‘neutral’ (i.e. .no 
state has been specified to be 100%), otherwise a 
single catchment of interest can be selected.

States Input Link(s) Output Link(s)

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

Region Occupation

Data source(s)

Catchment where the respondent’s property was 
located

Assumption(s)

N/A

Appendix B: Documentation for MP2 and 3 – Removed 
willows, and removed willows and replaced them with 
native vegetation (Practices undertaken by the land 
manager during their management period)

Future plans (Future_plans)

An indication of the possibility that the respondent 
will carry out particular plans on their property in 
the next 5 years, or 5 to 20 years.

States Input Link(s) Output Link(s)

Relevant
Irrelevant

Occupation Landcare

Data source(s)

  The possibility that your short or long-term 
plans will involve the property will be sold. 
Not applicable/Highly unlikely/Unlikely/Not sure/
Likely/Highly likely.

  The possibility that your short or long-term plans 
will involve all or most of the property will be 
leased or share-farmed. Not applicable/Highly 
unlikely/Unlikely/Not sure/Likely/Highly likely.

Assumption(s)

  Relevant plans are considered to be those who 
DO NOT plan to sell their property, and/or those 
who plan to lease or sharefarm all or most of their 
property. This was because the statistical analysis 
(see Curtis et al., 2009) found that people who 
had these future plans were more likely to remove 
willows (and replace with native vegetation).

  A response of Likely or more is considered to 
be mean that someone will carry out that action. 
Therefore a response of Likely or more means 
that someone plans to lease or sharefarm all or 
most of their property, and a response of Not 
sure, or less, means that someone does not plan 
to sell their property.

  Farmers are more likely to not wont to sell their 
properties.
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Government_Programs 
(Government_Programs)

Whether the respondent has received support from 
government programs since the start of 2004 (the 
past 5 years).

States Input Link(s) Output Link(s)

Yes
No

Local action 
planning
Water balance 
issues
Occupation
Landcare
Values

Willow 
management

Data source(s)

Since the start of 2004 (past 5 years), did Federal or 
State government programs or the regional Natural 
Resources Management organisation support work 
on your river/creek frontage or adjoining wetlands? 
Yes/No.

Assumption(s)

  Farmers, Landcare participants and those 
involved in Local action planning are more likely 
to know the potential sources for government 
support and be able to access them.

  Those who feel that water balance issues are 
important are more likely actively seek govern-
ment support.

  A persons values will effect whether they try to 
become engaged in government programs that 
aligns with their values.

Landcare (Landcare)

Specifies whether the respondent participates in a 
local Landcare group.

States Input Link(s) Output Link(s)

Participant
Not participant

Water balance 
issues
Occupation
Future plans
Values

Local action 
planning
Willow 
management
Government 
Programs

Data source(s)

Are you a member or involved with a local Landcare 
group? Yes/No. 
If no, were you previously a member of or involved 
with a local Landcare group? Yes/No.

Assumption(s)

  Those who believe that water balance issues are 
important are more likely to belong to a Landcare 
group.

  Those who have relevant plans (i.e. plan to lease 
or share farm, and/or don’t plan to sell their prop-
erty) are more likely to belong to Landcare.

  Farmers are more likely to be Landcare partici-
pants compared to non-farmers.

  Respondent’s who answered that they were not 
involved in a Landcare group, but who had pre-
viously been a member, were considered to be 
Landcare participants.

  A persons’ values will effect whether they partici-
pate in Landcare, or not, depending on whether 
the groups actions agree with their values.
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Local action planning (LAP)

This variable reflects whether the respondent has 
been involved in local action planning through 
Landcare, development or other industry groups.

States Input Link(s) Output Link(s)

Yes
No

Values
Landcare

Government_
Programs

Data source(s)

Have you been involved in local action planning 
– (e.g. with Landcare, community development 
or industry associations)? No involvement/Little 
involvement/Some involvement/Highly involved.

Assumption(s)

  A response of Little involvement or more is con-
sidered to be a yes. No involvement is considered 
to be no.

  Respondents who value vegetation on their river 
and creek frontages for erosion protection, habi-
tat and snags (i.e. relevant values) are more likely 
to be involved in LAP

  Landcare participants are more likely to be 
involved in LAP compared to non-participants.

Nitrogen knowledge(Knowledge)

Reflects the respondents self assessed level of 
knowledge about the main sources of nitrogen that 
enter district waterways.

States Input Link(s) Output Link(s)

Yes
No

Occupation
Values
Willow 
management

Data source(s)

Assessment of your knowledge of the main sources 
of nitrogen that enter district waterways.
Not applicable/No knowledge/Very little knowledge/
Some knowledge/Sound knowledge (sufficient to 
act)/Very sound knowledge (could give a detailed 
explanation).

Assumption(s)

  Farmers are more likely to have greater knowl-
edge about the sources of nitrogen that enter 
waterways, compared to non-farmers.

  A response of Sound Knowledge (sufficient or act), 
or greater, is considered to be a yes.

Occupation (Occupation)

Self-identified occupation by the survey respondent.

States Input Link(s) Output Link(s)

Farmer
Professional
Trades
Retiree
Investor
Other

Catchment

Nitrogen knowledge
Future plans
Landcare
Water balance issues
Government 
programs
Values

Data source(s)

What is your main occupation? (e.g. farmer, teacher, 
accountant, investor, retiree)

Assumption(s)

  The respondent is able to make an accurate 
assessment of their occupation

  Some catchments are more likely to have a farm-
ing population than others

Region (Region)

A discrete node that specifies the NRM Region 
where the survey was conducted. To include the 
data from all regions, have the node set to ‘neutral’ 
(i.e. .no state has been specified to be 100%), other-
wise select the desired NRM region.

States Input Link(s) Output Link(s)

Cradle Coast
NRM North
NRM South

N/A Catchment

Data source(s)

Based upon the catchment where the survey respon-
dent was located. Where Cradle Coast consisted of 
Inglis-Flowerdale, and Pet catchments, NRM North 
included Macquarie and Quamby Brook and NRM 
South Coal and Jordan.

Assumption(s)

N/A
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Values (Values)

A self-assessed measure of why the respondent’s 
creek or river frontage is important to them

States Input Link(s) Output Link(s)

Relevant
Irrelevant

Occupation
Nitrogen 
knowledge

Willow management
Local action planning
Water balance issues
Government programs
Landcare

Data source(s)

  Why your river/creek frontage and adjoining wet-
lands are important? Provides important shade 
and shelter for stock. Not applicable/Not impor-
tant/Minimal/Some Important/Very important.

  Why your river/creek frontage and adjoining 
wetlands are important? Vegetation on the front-
age helps hold the banks and stop erosion. 
Not applicable/Not important/Minimal/Some/
Important/Very important.

  Why your river/creek frontage and adjoining wet-
lands are important? Provides habitat for native 
birds and animals. Not applicable/Not important/
Minimal/Some Important/Very important.

  Why your river/creek frontage and adjoining wet-
lands are important? Provides woody matter such 
as snags that offer protection for fish and other 
animals that live in the river/creek. Not applica-
ble/Not important/Minimal/Some Important/Very 
important.

Assumption(s)

  “Relevant” values were for those who answered 
that their riparian area was important for shade 
and shelter for stock, OR who thought that veg-
etation on the frontage helps hold the banks and 
stop erosion, OR that it provides habitat for native 
birds and animals, OR that it provides snags and 
offers protection for fish etc. This was because 
the statistical analysis (see Curtis et al., 2009) 
found that people who thought these values were 
important were more likely to remove willows 
(and replant native vegetation).

  “Irrelevant” values were those who DID NOT think 
that these were riparian values were important.

   A response of ‘Important’, or ‘Very important’, 
contributed to relevant values, while a response 
of ‘Some’ or less was considered to not be 
important.

  Farmers are likely to have different values com-
pared to non-farmers

  A persons knowledge influences their values.

Water balance issues (Water_balance)

A reflection of how important the respondent 
thought it was to get the balance between water for 
the environment, agriculture, town water supply and 
recreation.

States Input 
Link(s) Output Link(s)

Important
Not important
Not applicable

Occupation
Values

Landcare
Government programs

Data source(s)

The importance of a range of social, economic and 
environmental issues that may be affecting your 
property and your local district/catchment zone. 
Getting the balance between water for the environ-
ment, agriculture, town water supply and recreation.
Dont know/Not applicable/Not important/Minimal/
Some Important/Very important.

Assumption(s)

  Farmers are more likely to be aware of the 
importance of water for agriculture, and there-
fore rate this issue with a greater importance that 
non-farmers

  Respondents who value waterways for their 
shade and shelter for stock, erosion control, habi-
tat, and snags (i.e. relevant values) are more likely 
to think that water balance is also important.

  A response of ‘Important’, or ‘Very impor-
tant’, was considered to be ‘Important’, while a 
response of ‘Some’ or less was considered to not 
be important.
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Willow management (Willow_removal)

A reflection of what, if any, willow management 
activities have been undertaken on the property 
during the respondent’s management period.

States Input Link(s) Output 
Link(s)

None
Remove only: Removed 

existing willows
Remove and replant: 

Removed willows 
then replanted native 
vegetation

Not applicable

Government 
programs

Landcare
Nitrogen 

knowledge
Values

N/A

Data source(s)

Management activities undertaken on your prop-
erty, including in your river/creek frontages and 
adjoining wetlands, during you management 
period.

  Removed willows Yes/No/NA
  Removed willows and replaced them with native 
vegetation Yes/No/NA.

Assumption(s)

  Description of states: Remove only = remove 
existing willows, remove and replant = remove 
willows then replant native vegetation.

  Those who have received support from govern-
ment programs are more likely to have removed 
willows and replaced them with native vegetation.

  Landcare participants are more likely to remove 
willows and replaced them with native vegetation, 
but in some of the earlier Landcare programs, 
the replacement with natives was not part of the 
program.

  Those with relevant values, and knowledge of 
nitrogen sources are more likely to remove wil-
lows and replace them with native vegetation.
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Catchment (Catchment)

A discrete node that specifies the catchments where 
the survey was conducted. To include the data from 
all catchments, have the node set to ‘neutral’ (i.e. .no 
state has been specified to be 100%), otherwise a 
single catchment of interest can be selected.

States Input Link(s) Output Link(s)

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

Region
Occupation
River length (km)

Data source(s)

Catchment where the respondent’s property was 
located

Assumption(s)

N/A

Employed Consultant (Consultant)

Whether the respondent had employed a consultant 
to provide advice on any aspect of property man-
agement in the past 12 months (i.e. 2007-2008).

States Input Link(s) Output Link(s)

Yes
No

Knowledge about 
nutrient planning

Fertiliser nutrient 
budget

Data source(s)

Have you employed a consultant to provide advice 
on any aspect of on-property management in the 
past 12 months? Yes No.

Assumption(s)

  Respondents have interpreted the question cor-
rectly, and recall any relevant environmental 
consultation.

  Knowledge about nutrient planning will influence 
whether a landholder sees the need to employ 
an environmental consultant or not. Note that the 
question regarding the employment of an envi-
ronmental consultant does not specifically refer 
to the knowledge about nutrient planning, or hav-
ing a fertiliser budget.

Appendix C: Documentation for MP4 – Do you have a 
fertiliser nutrient budget calculated for all/most/some 
of the farm (Practices undertaken in 2008)

Fertiliser nutrient budget 
(Nutrientbudget)

Whether the respondent had a fertiliser nutrient 
budget calculated for at least some of their farm.
 

States Input Link(s) Output 
Link(s)

Yes 
No
Not applicable

Limited productive use of 
riparian
Employed consultant
Financial concern

N/A

Data source(s)

Do you have a fertiliser nutrient budget calculated 
for all/most/some of the farm? Yes/No/NA.

Assumption(s)

  Those who disagree that the limited productive 
use of riparian areas is appropriate, are more 
likely to be farmers, are more likely to have a fer-
tiliser nutrient budget.

  Those who have employed a consultant are 
more likely to have completed nutrient fertiliser 
budget.

  Those who are more concerned about their 
finances are more likely to have a fertiliser bud-
get, because this will help them minimise their 
fertiliser requirements.



31Development of Bayesian networks to explore the adoption of riparian management practices in Tasmania

Financial concern (Financial_concerns)

A reflection of the importance of various natural 
resource management issues, particularly financial 
ones affecting the property.

States Input Link(s) Output Link(s)

Low
High

Occupation
On-property work
Total income

Fertiliser nutrient 
budget

Data source(s)

  The importance of a range of social, economic 
and environmental issues that may be affecting 
your property and your local district/catchment 
zone. The cost of managing weeds and pest ani-
mals affecting property profitability. Dont know/
Not applicable/Not important/Minimal/Some 
Important/Very important.

  The importance of a range of social, economic 
and environmental issues that may be affecting 
your property and your local district/catchment 
zone. The rising cost of farming inputs is under-
mining property financial viability. Dont know/
Not applicable/Not important/Minimal/Some 
Important/Very important.

Assumption(s)

  Farmers are more likely to be concerned about 
finances on the farm, than non-farmers

  Those who spend longer working on the prop-
erty, are more likely to be concerned about 
finances on the farm

  Those with a lower total income are more likely to 
be concerned about finances

  A response of ‘Important’, or ‘Very important’, 
was considered to be high, while a response of 
‘Some’ or less was considered to be low.

Knowledge about external 
consequences (Knowledge_external)

Self identified knowledge about the consequences 
of poor water quality outside the property, particu-
larly effecting human health.

States Input Link(s) Output Link(s)

Weak
Strong

Occupation
Knowledge about 
nutrient loss

Limited productive use 
of riparian
Knowledge about 
nutrient planning

Data source(s)

  Assessment of your knowledge of the responsi-
bilities under the EMPCA (Environment, Pollution 
and Control Act). Not applicable/No knowledge/ 
Very little knowledge/Some knowledge/Sound 
knowledge (sufficient to act)/Very sound knowl-
edge (could give a detailed explanation).

  Assessment of your knowledge of the ele-
ments of water quality critical for public health. 
Not applicable/No knowledge/Very little knowl-
edge/Some knowledge/Sound knowledge 
(sufficient to act)/Very sound knowledge (could 
give a detailed explanation).

Assumption(s)

  Farmers are more likely to have a strong knowl-
edge about the consequences of poor water 
quality than non-farmers

  Those who have a strong knowledge about 
nutrient loss are more likely to have a strong 
knowledge about the external consequences of 
poor water quality.

  A response of ‘Knowledge’, or ‘Sound knowledge’, 
was considered to be Strong, while a response of 
‘Some knowledge’ or less was considered to be 
weak.
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Knowledge about nutrient planning 
(Knowledge_plan)

Self identified knowledge on topics relevant to the 
current assessment of nutrient levels and nutrient 
planning.

States Input Link(s) Output 
Link(s)

Weak
Strong

Knowledge about external 
consequences
On-property work
Occupation

Employed 
consultant

Data source(s)

  Assessment of your knowledge of the fertiliser 
applications required for optimum production 
across the main enterprises on your property.
Not applicable/No knowledge/Very little knowl-
edge/Some knowledge/Sound knowledge 
(sufficient to act)/Very sound knowledge (could 
give a detailed explanation).

  Assessment of your knowledge of preparing a 
property plan that allocates land use according 
to different land classes. Not applicable/No knowl-
edge/Very little knowledge/Some knowledge/
Sound knowledge (sufficient to act)/Very sound 
knowledge (could give a detailed explanation).

  Assessment of your knowledge of how to inter-
pret soil tests as a way of checking the application 
of nutrients. Not applicable No knowledge Very lit-
tle knowledge Some knowledge Sound knowledge 
(sufficient to act) Very sound knowledge (could 
give a detailed explanation).

Assumption(s)

  People with a strong knowledge of the external 
consequences of poor water quality are more 
likely to also have a strong knowledge of nutrient 
planning topics.

  Farmers, who are more likely to work longer on 
the property, are more likely to have a strong 
knowledge about nutrient planning.

  A response of ‘Knowledge’, or ‘Sound knowledge’, 
was considered to be Strong, while a response of 
‘Some knowledge’ or less was considered to be 
weak.

Knowledge about nutrient sources 
(Knowledge_sources)

Self identified knowledge on topics relevant to the 
sources of nutrients.

States Input Link(s) Output Link(s)

Weak
Strong

Occupation
River length

Knowledge about nutrient loss
Limited productive use of 
riparian

Data source(s)

  Assessment of your knowledge of the proportion 
of nutrients entering water courses that is from 
dairy paddocks rather than from dairy sheds. Not 
applicable/No knowledge/Very little knowledge/
Some knowledge/Sound knowledge (sufficient to 
act)/Very sound knowledge (could give a detailed 
explanation).

  Assessment of your knowledge of the main 
sources of nitrogen that enter district waterways.
Not applicable/No knowledge/Very little knowl-
edge/Some knowledge/Sound knowledge 
(sufficient to act) Very sound knowledge (could 
give a detailed explanation)

  Assessment of your knowledge of the relative 
contribution of different sources of phosphorus 
to water nutrient levels. Not applicable/No knowl-
edge/Very little knowledge/Some knowledge/
Sound knowledge (sufficient to act)/Very sound 
knowledge (could give a detailed explanation).

Assumption(s)

  Farmers are more likely to have strong knowl-
edge on nutrient sources than non-farmers

  Those with longer river lengths are more likely to 
be aware of nutrient sources, in order to manage 
their waterways.

  A response of ‘Knowledge’, or ‘Sound knowledge’, 
was considered to be Strong, while a response of 
‘Some knowledge’ or less was considered to be 
weak.
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Knowledge about nutrient loss 
(Knowledge_loss)

Self identified knowledge on topics relevant to the 
loss of nutrients from farming systems.

States Input Link(s) Output Link(s)

Weak
Strong

Knowledge about 
nutrient sources
Occupation

Limited productive use of 
riparian
Knowledge about external 
consequences

Data source(s)

  Assessment of your knowledge of the effects 
that soil pugging by stock has on soil erosion 
and nutrient loss from farms. Not applicable/
No knowledge/Very little knowledge/Some 
knowledge/Sound knowledge (sufficient to act)/
Very sound knowledge (could give a detailed 
explanation).

  Assessment of your knowledge of the role of stub-
ble retention and stubble mulching in preventing 
the loss of nutrients from farms. Not applicable/
No knowledge/Very little knowledge/Some 
knowledge/Sound knowledge (sufficient to act)/
Very sound knowledge (could give a detailed 
explanation).

Assumption(s)

  Those who have a strong knowledge about nutri-
ent sources are more likely to have a strong 
knowledge about the loss of nutrients.

  Farmers are more likely to have a strong knowl-
edge about the loss of nutrients.

  A response of ‘Knowledge’, or ‘Sound knowledge’, 
was considered to be Strong, while a response of 
‘Some knowledge’ or less was considered to be 
weak.

Limited productive use of riparian 
(Limit_prod_use)

Reflection on the acceptability of recommended 
practices, here specifically, the limited use of river 
or creek frontages for agricultural purposes.

States Input Link(s) Output 
Link(s)

Disagree
Agree
Not applicable

Knowledge about external 
consequences
Knowledge about nutrient 
loss
Knowledge about nutrient 
sources

Fertiliser 
nutrient 
budget

Data source(s)

How closely does the following statement reflect 
your view about aspects of the management of 
river/creek frontages and adjoining wetlands in your 
district? Allowing limited productive use of river/
creek frontages such as crash grazing or farm for-
estry is an acceptable way to manage these areas. 
Not applicable/Strongly disagree/Disagree/Not sure/
Agree/Strongly agree.

Assumption(s)

  Those with a strong knowledge about external 
consequences, nutrient loss or nutrient sources 
are more likely to agree that a limited productive 
use of riparian areas is acceptable.

  A response of ‘Agree’, or ‘Strongly agree’, was 
considered to be ‘Agree’, while a response of 
‘Not sure’or less was considered to be weak.
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Occupation (Occupation)

Self identified occupation by the survey respondent.

States Input 
Link(s) Output Link(s)

Farmer
Professional
Trades
Retiree
Investor
Other

Catchment

River length (km)
Knowledge about nutrient loss
Knowledge about nutrient 
sources
Knowledge about nutrient 
planning
On-property work
Total_income
Financial concerns

Data source(s)

What is your main occupation? (e.g. farmer, teacher, 
accountant, investor, retiree)

Assumption(s)

  The respondent is able to make an accurate 
assessment of their occupation

  Some catchments are more likely to have a farm-
ing population than others

On-property work (On_property_work)

An estimate of the number of hours per week the 
respondent worked on farming or property related 
activities in the previous year.

States Input 
Link(s) Output Link(s)

<35hrs/wk
>35hrs/wk

Occupation
Financial concern
Knowledge about nutrient 
planning

Data source(s)

Estimate the number of hours per week that you 
worked on farming/property related activities over 
the past 12 months. On average I worked on farm-
ing related activities ________ hours per week.

Assumption(s)

The states were selected to try and distinguish 
between full-time farmers and other land holders.
Farmers are more likely to work on the property 
compared to non-farmers.

Region (Region)

A discrete node that specifies the NRM Region 
where the survey was conducted. To include the 
data from all regions, have the node set to ‘neutral’ 
(i.e. .no state has been specified to be 100%), other-
wise select the desired NRM region.

States Input Link(s) Output Link(s)

Cradle Coast
NRM North
NRM South

N/A Catchment

Data source(s)

Based upon the catchment where the survey respon-
dent was located. Where Cradle Coast consisted of 
Inglis-Flowerdale, and Pet catchments, NRM North 
included Macquarie and Quamby Brook and NRM 
South Coal and Jordan.

Assumption(s)

N/A

River length (km) (River_length)

An estimate of the length of river and/or creek that 
runs through the respondent’s property, given in 
metres.

States Input 
Link(s) Output Link(s)

0 km
0 to 1 km
1 to 5 km
5 to 20 km
>= 20 km

Catchment
Occupation

Knowledge about nutrient 
sources

Data source(s)

Estimate the distance that a river/creek runs along/
through your property. [Only provide the distance 
for one side of a water way].  ______ metres 

Assumption(s)

  Those who answered zero should not have been 
included in the survey, as they were selected 
because they contained riparian area.

  Some catchments have more riparian areas than 
others, and also larger properties than others, 
therefore making it more likely to have a greater 
river length on the respondents’ property

  Farmers are more likely to have larger properties 
and therefore longer river reaches 



35Development of Bayesian networks to explore the adoption of riparian management practices in Tasmania

Total_income (Total_income)

An estimate of the respondents total net profit 
income (on farm and off farm) 

States Input Link(s) Output Link(s)

<$50,000
>$50,000

Occupation Financial concern

Data source(s)
  Did your property return a net profit (income 
from your property exceeded all paid expenses 
before tax) last financial year (2006/2007)? 
Yes/No.
If yes, indicate the approximate figure for the 
profit (before tax) from your property last finan-
cial year (2006/2007). 

Range
Less than $10,000
$10,000 to $20,000
$20,000 to $30,000
$30,000 to $40,000
$40,000 to $50,000
$50,000 to $60,000
$60,000 to $100,000
Above $100,000

  Did you or your partner receive a net off-prop-
erty income (after expense and before tax) last 
financial year (2006/2007)? This income could 
have included drought relief. Yes/No.
If yes, indicate the approximate figure for the 
total off-property income (before tax) for you 
and your partner last financial year (2006/2007). 

Range
Less than $10,000
$10,000 to $20,000
$20,000 to $30,000
$30,000 to $40,000
$40,000 to $50,000
$50,000 to $60,000
$60,000 to $100,000
Above $100,000

Assumption(s)

  The state boundary of $50,000 was used because 
previous work suggests that that is the level of 
profit required before someone could be consid-
ered to have surplus profit enough that they may 
undertake NRM activities.

  Farmers are more likely to have lower incomes 
than non-farmers

  It was assumed that the profit nominated by 
the respondent was the maximum value for the 
specified range, and then the on-farm and off-
property profits were summed to give a total.
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Catchment (Catchment)

A discrete node that specifies the catchments where 
the survey was conducted. To include the data from 
all catchments, have the node set to ‘neutral’ (i.e. .no 
state has been specified to be 100%), otherwise a 
single catchment of interest can be selected.

States Input Link(s) Output Link(s)

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

Region
Occupation
Property size
River length

Data source(s)
N/A

Assumption(s)
N/A

Community group (Community_group)
Specifies whether the respondent is a member of 
either or both Landcare and a commodity group.

States Input Link(s) Output Link(s)

Member
Not member

Occupation
Off-property work
Values

Riparian grazing
Government 
programs

Data source(s)
  Are you a member or involved with a local 
Landcare group? Yes No. If no, were you pre-
viously a member of or involved with a local 
Landcare group? Yes/No.

  Are you a member or involved with a local com-
modity group? (e.g. Flockcare, Cropcare, FM 
500, Target, Best wool). Yes/No.

Assumption(s)
  Respondent’s who answered that they were not 
involved in a Landcare group, but who had previ-
ously been a member, were considered to be a 
member of a community group.

  Farmers are more likely to belong to Landcare or 
a commodity group than non-farmers

  Non-farmers are more likely to undertake off-
property work, and not be members of Landcare 
or commodity groups

  Someones’ values will effect whether they are 
likely to belong to a community group, or not, 
depending on whether the groups’ activities 
align with their values.

Appendix D: Documentation for MP5 – Did stock graze any 
part of your river/creek frontage or adjoining wetlands for 
more than a week at a time? (Practices undertaken in 2008)

Government programs 
(Government_programs)

Whether the respondent has received support from 
government programs since the start of 2004 (the 
past 5 years).

States Input Link(s) Output Link(s)

Yes
No

Occupation
Off-property work

Riparian grazing

Data source(s)

Since the start of 2004(past 5 years), did Federal or 
State government programs or the regional Natural 
Resources Management organisation support work 
on your river/creek frontage or adjoining wetlands? 
Yes/No.

Assumption(s)

  Farmers are more likely to know the potential 
sources for government support and be able to 
access them.

  Those who undertake more off-property work 
are more likely to be non-farmers, and less likely 
to have received government program support.

Occupation (Occupation)

Self identified occupation by the survey respondent.

States Input 
Link(s) Output Link(s)

Farmer
Professional
Trades
Retiree
Investor
Other

Catchment

Property size
Off-property work
Values
View of off-stream watering
Government programs
Community group

Data source(s)

What is your main occupation? (e.g. farmer, teacher, 
accountant, investor, retiree)

Assumption(s)

  The respondent is able to make an accurate 
assessment of their occupation

  Some catchments are more likely to have a farm-
ing population than others
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Off-property work (Off_property_work)

An estimate of the number of days the respondent 
was involved in paid off-property work.

States Input Link(s) Output Link(s)

<10 days
>10 days

Occupation
Property size

Community group
Government programs
Values

Data source(s)

Estimate the number of days you were involved 
in paid off-property work in the past 12 months? 
________ days off property 

Assumption(s)

  The state boundary of 10 days was set to distin-
guish between farmers and non-farmers.

  Farmers are less likely to participate in off-prop-
erty work than non-farmers

  Those with a larger property are less likely to 
participate in off-property work because they are 
too busy working on the property.

Property size (Property_size)

A self estimate of the size of the respondents’ prop-
erty in hectares. Note that the median property size 
for all respondents was 81ha.

States Input Link(s) Output 
Link(s)

<median: i.e. <81 ha
>median: i.e. >81 ha

Catchment
Occupation

River length

Data source(s)

What is the area of your property? ___ hectares

Assumption(s)

  The median property size was used as the state 
boundary in order to distinguish those who have 
smaller lifestyle properties, from those who have 
the larger commercial properties. 

  Some catchments have larger properties than 
others, partially due to the differences in the dom-
inant occupation of the occupants (i.e. farmer/
non-farmer)

Region (Region)
A discrete node that specifies the NRM Region 
where the survey was conducted. To include the 
data from all regions, have the node set to ‘neutral’ 
(i.e. .no state has been specified to be 100%), other-
wise select the desired NRM region.

States Input Link(s) Output Link(s)
Cradle Coast
NRM North
NRM South

N/A Catchment

Data source(s)
N/A

Assumption(s)
N/A

Riparian grazing (Rip_grazing)
Whether the respondents had grazed their riparian 
areas for more a week at a time in the past year.

States Input Link(s) Output 
Link(s)

< 1 week
> 1 week
Not applicable

Community group
Government programs
View of off stream watering
Values

N/A

Data source(s)
Did stock graze any part of your river/creek front-
age or adjoining wetlands for more than a week at a 
time? (Practices undertaken this year (2008)).

Assumption(s)
  Those who belong to Landcare, or a commod-
ity group are more likely to graze for less than a 
week at a time.

  Initially it was thought that those who have 
received government funding would be more 
likely to graze for less than a week at a time. 
However, the BN suggests the opposite. This is 
probably because more farmers received gov-
ernment support, compared to non-farmers, and 
given their beliefs in grazing management, have 
chosen to graze for more than a week. Also, it is 
not specified that they received government sup-
port for riparian related activities.

  Those who are not confident that the time and 
expense involved in watering stock off-stream 
is justified by improvement in river/creek water 
quality

  People who have relevant values (i.e. DON’T 
value the frontage and adjoining wetlands 
because they provide additional land for grazing 
stock, particularly in summer, DON’T value the 
frontage or adjoining wetlands because they pro-
vide access to water for stock, and DONT value 
the frontage or adjoining wetlands because they 
add to the market value of the property).
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River length (River_length)

An estimate of the length of river and/or creek that 
runs through the respondent’s property, given in 
metres.

States Input Link(s) Output Link(s)

0
0 to 1
1 to 5
5 to 20
>=20

Catchment
Property

Values
View of off stream 
watering

Data source(s)

Estimate the distance that a river/creek runs along/
through your property. [Only provide the distance 
for one side of a water way].  _____ metres 

Assumption(s)

  Those who answered zero should not have been 
included in the survey, as they were selected 
because they contained riparian area.

  Some catchments have more riparian areas than 
others, and also larger properties than others, 
therefore making it more likely to have a greater 
river length on the respondents’ property.

  Farmers are more likely to have larger properties 
and therefore longer river reaches.

Values (Values)

A self-assessed measure of why the respondent’s 
creek or river frontage is important to them.

States Input Link(s) Output Link(s)

Relevant
Irrelevant

Off-property work
River length
Occupation

Riparian grazing
Community group
Government 
programs

Data source(s)

  Why your river/creek frontage and adjoining wet-
lands are important? Provides additional land 
for grazing stock, particularly in summer. Not 
applicable/Not important/Minimal/Some Important/
Very important.

  Why your river/creek frontage and adjoining wet-
lands are important? Provides access to water 
for stock. Not applicable/Not important/Minimal/
Some Important/Very important.

  Why your river/creek frontage and adjoining wet-
lands are important? Adds to the market value 
of the property. Not applicable/Not important/
Minimal/Some Important/Very important.

Assumption(s)

  “Relevant” values were for those who answered 
that their riparian area was NOT important for 
additional land for grazing stock, OR who did 
NOT think it was important for access to water, 
OR did not think it was important to add to the 
market value. This was because the statisti-
cal analysis (see Curtis et al., 2009) found that 
people who thought these values were NOT 
important were more likely to graze for no more 
than a week at a time.

  “Irrelevant” values were those who thought that 
these riparian values were important.

   A response of ‘Important’, or ‘Very important’, 
contributed to relevant values, while a response 
of ‘Some’ or less was considered to not be 
important.

  Farmers, who are less likely to carry out off-prop-
erty work, will have different values compared to 
non farmers.

  People with a longer river running through their 
property are likely to have different values than 
those with small or no rivers.
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View of offstream watering (Views)

A reflection of the respondents’ confidence in the 
time and expense involved in off-stream watering 
for stock is justified by improvements in river/creek 
water quality

States Input Link(s) Output Link(s)

Worthwhile
Other response

River length
Occupation

Riparian grazing

Data source(s)

How closely does the following statement reflect 
your view about aspects of the management of 
river/creek frontages and adjoining wetlands in your 
district? The time and expense involved in water-
ing stock off-stream is justified by improvements 
in river/creek water quality. Not applicable/Strongly 
disagree/Disagree/Not sure/Agree/Strongly agree.

Assumption(s)

  Other response: Includes the response of not 
applicable, plus Strongly disagree, Disagree or 
not sure.

  Worthwhile: includes the response of agree or 
strongly agree.

  Farmers, who are more likely to have larger 
properties and therefore more likely to have 
longer lengths of rivers, are more to view off-
stream watering as worthwhile, compared to 
non-farmers. 
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The are colour coded:
  yellow nodes are those found to be statistically significant from the pairwise analysis. 
  Pink nodes are those added by expert opinion from the research team. 
  The green node is the end point, to management practice, and 
  the beige node is the location node, here the catchment.

Appendix E: Complex BN frameworks. 

 Succession plan

Yes
No

50.0
50.0

Government programs

Yes
No

50.0
50.0

Values

Other
Shade
Erosion
All relevant
Not applicable

20.0
20.0
20.0
20.0
20.0

Off-farm income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

1.5 ± 1.1

Catchment

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

16.7
16.7
16.7
16.7
16.7
16.7

Occupation

Farmer
Non farmer

50.0
50.0

Onfarm income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

1.5 ± 1.1

PMP plan

Yes
No

50.0
50.0

Fencing for stock management

None
<250m
250m - 1km
>1 km

25.0
25.0
25.0
25.0

0.534 ± 0.56

Current irrigation

Yes
No

50.0
50.0

Landcare

Yes
Previously
No

33.3
33.3
33.3

Knowledge

Other
Nitrogen
Vegetation
All relevant
Not applicable

20.0
20.0
20.0
20.0
20.0

Figure E.1: Complex BN framework for MP 1: Length of fencing erected to manage stock access to the waterway or 
adjoining wetlands (km) during your management period.
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Catchment

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

24.5
12.6
18.4
15.7
14.8
14.1

Values shade & shelter

No
Yes
Not applicable

33.3
33.3
33.3

Future plans

Sell property
Dont sell property
Not applicable

33.3
33.3
33.3

Occupation

Farmer
Non farmer

50.0
50.0

Onfarm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

Local action planning

Yes
No

50.0
50.0

Off_farm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

Landcare

Yes
Previously
No

33.3
33.3
33.3

Government_Programs

Yes
No

50.0
50.0

Willow removal

Yes
No
Not applicable

33.3
33.3
33.3

Water balance issues

Important
Not important
Not applicable

33.3
33.3
33.3

Views about willows and water quality

Confident
Not confident

50.0
50.0

Riparian area crown land

Yes
No

50.0
50.0

Figure E.2: Complex BN framework for MP2: Removed willows

Figure E.3: Complex BN framework for MP3: Removed willows and replaced them with native vegetation

 

Catchment

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

16.7
16.7
16.7
16.7
16.7
16.7

Occupation

Farmer
Non farmer

50.0
50.0

Knowledge

Other
Nitrogen
Not applicable

33.3
33.3
33.3

Off_farm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

Willow removal & plant natives

Yes
No
Not applicable

33.3
33.3
33.3

Landcare

Yes
Previously
No

33.3
33.3
33.3

Government_Programs

Yes
No

50.0
50.0

Values

Other
Erosion
Habitat
Snags
Erosion and habitat
Erosion and snags
Habitat and snags
All relevant
Not applicable

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Plan to lease or sharefarm

No
Yes
Not applicable

33.3
33.3
33.3

Onfarm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0
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Figure E.5: Complex BN framework for MP 15: Stock only able to graze any part of the river /creek frontage or adjoining 
wetlands for less than one week at a time in 2008

 

Future plans

Other
Within family
Additional land
Succesion plan
Within family & additional land
Within family and successio...
Additional land and successi...
All relevant

12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5

Onfarm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

Financial concerns

Other
Weed & pest management c...
Rising input costs
Both relevant
Not applicable

20.0
20.0
20.0
20.0
20.0

Occupation

Farmer
Non farmer

50.0
50.0

Catchment

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

16.7
16.7
16.7
16.7
16.7
16.7

Fertiliser nutrient budget

Yes
No
Not applicable

33.3
33.3
33.3

Off_farm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

Irrigation

No irrigation
Plan to start 
Currently, but no plan to exp...
Currently & plan to expand
Not applicable

20.0
20.0
20.0
20.0
20.0

Regulation concerns

Other
Chemical sprays
Water extraction
Subdivision
Chemical sprays & water ext...
Chemical sprays & subdivision
Water extraction and subdivi...
All relevant
Not applicable

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Gender

Male
Female

50.0
50.0

Employed consultant

Yes
No

50.0
50.0

Knowledge about nutrient sources

Other
Nitrogen
Phosphorous
Dairy
Nitrogen & Phosphorous
Nitrogen & dairy
Phosphorus & dairy
All relevant
Not applicable

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Knowledge about nutrient planning

Other
Match land class
Soil tests 
Production
Match land class & soil tests
Match land class & production
Soil test & production
All relevant
Not applicable

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Knowledge about nutrient loss

Other
Soil pugging
Stubble retention
Both relevant
Not applicable

20.0
20.0
20.0
20.0
20.0

River length (km)

0
0 to 1
1 to 5
5 to 20
>= 20

20.0
20.0
20.0
20.0
20.0

Landcare

Yes
Previously
No

33.3
33.3
33.3

Knowledge about external consequences

Other
WQ & public health
EMPCA
Both relevant
Not applicable

20.0
20.0
20.0
20.0
20.0

Limited productive use of riparian

Disagree
Agree
Not applicable

33.3
33.3
33.3

On-property work

<15hrs/wk
15-30hrs/wk
30-50hrs/wk
>50hrs/wk

25.0
25.0
25.0
25.0

Figure E.4: Complex BN framework for MP 13: Have a fertiliser nutrient budget calaculated for all/most/some of the farm

 

River length (km)

0
0 to 1
1 to 5
5 to 20
>= 20

20.0
20.0
20.0
20.0
20.0

Off-property work

None
<10 days
11 - 50 days
> 50 days

25.0
25.0
25.0
25.0

Occupation

Farmer
Non farmer

50.0
50.0

Riparian grazing

< 1 week
> 1 week
Not applicable

33.3
33.3
33.3

Values

Other
Market value
Additional land
Stock water
Market value & additional land
Market value & stock water
Additional land & stock water
All relevant
Not applicable

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

Concerns

Other
Chemical spray regulations
Rising input costs
Both relevant
Not applicable

20.0
20.0
20.0
20.0
20.0

Management views

Other
Off-stream watering worthwhile
Not applicable

33.3
33.3
33.3

Catchment

Inglis Flowerdale
Pet
Quamby Brook
Macquarie
Jordan
Coal

16.7
16.7
16.7
16.7
16.7
16.7 Property size

< median
>median

50.0
50.0

Onfarm_income

None
<$25,000
$25,000 - $25,000
>$50,000

25.0
25.0
25.0
25.0

Off_farm_income

None
<$25,000
$25,000 - $50,000
>$50,000

25.0
25.0
25.0
25.0

Commodity group

Yes
No

50.0
50.0

Local Action Planning

Yes
No

50.0
50.0

Landcare

Yes
No
Previously

33.3
33.3
33.3

Government programs

Yes
No

50.0
50.0


