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ABSTRACT
This project worked with the Eyre Peninsula and South Australian Murray-Darling Basin
Natural Resource Management (NRM) regions to develop a process of science based
“optioneering” that explored future land use options that could be embedded in NRM Board
planning and community engagement. The project sought to integrate a stakeholder
engagement process called envisioning with the development of a web based planning
interface called the Landscape Futures Analysis Tool. The envisioning process helped to
identify the values that people influencing NRM use in making decisions about engagement,
plans and actions, while the LFAT enabled easy assessment of the possible implications for
land use and water resources arising from climate change, commodity prices and carbon
pricing.
A series of facilitated workshops was used to explore the application of envisioning. It was
apparent that all levels of the planning system, from state public servants to farmers, want
the planning process “experienced” in the same way. Core principles relevant to future use
of the envisioning process that were identified during the project include that envisioning can
operate as a bridge between science and decision making that can integrate the contribution
from multiple stakeholders with diverse perspectives and that we must be able to adapt the
process to local variations in the social, political, agricultural and natural landscape.
The Landscape Futures Analysis Tool (http://www.lfat.org.au/lfat/) is underpinned by
analyses that were mostly developed from existing models that were added to and refined
for this project, partly on the basis of local experience. Climate change scenarios were
based on relevant recent climate (S0), and a mild (S1), moderate (S2) and severe (S3)
increase in temperature with accompanying decrease in annual rainfall. All data and
projections were developed using regional spatial data stored and subsequently displayed
as Geographic Information System (GIS) map layers.
The analysis finds that it will be possible to adapt to a changing climate if changes in land
use are made. It also highlights that policy incentives are likely to be needed to guide and
encourage changed practice. Use of the LFAT helped to demonstrate to end users that:
•
•
•

agricultural opportunities in the region rest on the adoption of different management
regimes or changes in land use on soil types identified as being negatively impacted by
climate change;
in both study regions, conservation priorities became concentrated in more southern
latitudes and higher altitudes as warming and drying increased.
a large gradient exists in carbon sequestration potential from the drier to wetter areas
with economically viable carbon plantings indicated only in the wetter areas.

It is evident from evaluation of the project with the two partner NRM regions that the analysis
and LFAT have been beneficial in raising awareness of the possible changes that can occur
in the region and that many land use options can be considered in developing new NRM
plans. Accompanying this is a greater appreciation of the need for capacity development
through training. Science informed, climate-ready planning requires quality tools like LFAT,
together with the predisposition of regional planners through willingness, capacity and
commitment.
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EXECUTIVE SUMMARY
Changing climate, markets and social requirements demand that we modify how land is
used for food production and conservation in Australia. Helping regional resource managers
to plan for, and implement changes in, land use will enable landholders and communities to
adapt as circumstances change.
This project worked with the Eyre Peninsula (EP) and SA Murray Darling Basin (SA MDB)
Natural Resource Management (NRM) regions to develop a process of science based
“optioneering” that could become embedded in NRM Board planning and community
engagement. The project sought to integrate a stakeholder engagement process called
envisioning with the development of a web based planning interface called the Landscape
Futures Analysis Tool.
The project began with a review of the previous regional NRM planning process to assist
with understanding the role and purpose of the NRM plan in managing the natural resources
of the two regions. Significant differences were evident but both had concerns about the
community ownership of the Strategic Plan (one of four volumes of the broader NRM Plan)
and that suggested that its ongoing use was limited. This limited ownership was the
motivation for experimenting with envisioning as a new method to make explicit those values
that NRM Board members, planners and the community use in making decisions about NRM
priorities, plans and actions.
Envisioning
A series of facilitated workshops was used to explore the application of envisioning. It was
apparent that all levels of the planning system, from state public servants to farmers, want
the planning process “experienced” in the same way. That is, in a way that incorporates
values such as transparency, participation, respect, honouring different kinds of knowledge
(local, indigenous and scientific) and autonomy to respond to their complex bio-socioeconomic environments.
Core principles relevant to future use of the envisioning process that were identified during
the project include:
(a) Envisioning operates as a bridge between science and decision making that can
integrate more than just “the science” – it can bring together and integrate the
contribution from multiple stakeholders with diverse perspectives.
(b) One size doesn’t fit all – we must be able to adapt the process to local variations in the
social, political, agricultural and natural landscape.
(c) The process must reconnect the notions of planning and implementation. Planning must
be seen as part of an integrated process, directed to action on the ground, rather than an
end in itself, ticking the regulatory box.
(d) The role that time plays must be understood and respected. Adaptive work can be
uncomfortable and lack of time can be used as a method of avoiding the adaptive work
required.
Key findings that emerged in the course of the envisioning work that are relevant to NRM
planning for climate change in general include:

2
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(a) Willingness to change - Much energy was expended trying to find a ‘hook’ to motivate
the NRM boards to engage with this process. This highlights the need to assess
willingness to change, or dissatisfaction with the status quo, before doing anything else.
(b) Regional locus of control - Local planners’ perceived locus of control vis-à-vis the state
planning bureaucracy – the dynamics of local versus central power – will be an important
source of variation between regions.
(c) Who represents the regional system? - Attention must be given to the relationship
between the NRM Board and their local community. Some local communities will feel
well represented by the NRM Board, some will feel mistrustful, some will feel no
connection at all. This is another source of regional variation that the process needs to
accommodate.
(d) Capacity Building, Complexity and the Role of Envisioning - Envisioning has the capacity
to identify common ground among diverse stakeholders and to build relationships. This is
important in terms of group dynamics and developing a willingness to collaborate.
(e) Influencing the Systems of Planning and Implementation - It is apparent that all levels of
the planning ‘system’, from state public servants to farmers, want the planning process
experienced in the same way. Nevertheless, it is clear that many participants do not
experience planning in this way. The process of planning and implementation built on
and informed by co-created vision is designed so that it can deliver the experience of
these core values to all participants.
Modelling and the use of LFAT
The Landscape Futures Analysis Tool (http://www.lfat.org.au/lfat/) is underpinned by
analyses that were mostly developed from existing models that were added to and refined
for this project. Part of the refinement was to adjust model inputs based on local experience
and to update inputs such as recent commodity prices and variable costs. The aim was to
use appropriate regional data to enable estimates of responses to scenarios of climate
change, commodity prices and carbon price.
Climate change scenarios were based on relevant recent climate (S0), and a mild (S1),
moderate (S2) and severe (S3) increase in temperature with accompanying decrease in
annual rainfall. All data and projections were developed using regional spatial data stored
and subsequently displayed as Geographic Information System (GIS) map layers. Based on
feedback from the engagement process the primary management modules built into the
LFAT were as follows:
•

Agricultural productivity - Estimates were mainly determined with outputs from the
APSIM wheat crop growth, water use and yield model. The modelling results suggest
that the opportunities and options available for climate change adaptation will vary
across the Eyre Peninsula and within the low, medium and high rainfall regions.
Opportunities within the region rest on the adoption of different management regimes or
changes in land use on soil types identified as being negatively impacted by climate
change.

•

Biodiversity - Native species distribution scenarios were developed using plant species
distribution models to show responses to a warming and drying climate. Those species
most adversely affected were identified and with potential dispersal assigned, an index of
adaptive capacity was developed.
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In both the EP and SA MDB conservation priorities became concentrated in
more southern latitudes and higher altitudes as warming and drying
increased. The methodology presented in the project provides a quantitative
and repeatable means to prioritise conservation and restoration under climate
change.
•

Carbon sequestration - Forest productivity (biomass yield) was estimated using the
woody plant model 3PG2, for a homogenous hardwood plantation (Eucalyptus
cladocalyx), a generic oil mallee species and a multi-species environmental plantation.
When applied spatially in each of the regions, together with an expected carbon price,
the distribution of likely economic returns from carbon sequestration plantings could be
displayed. This then enabled comparison with projected returns from agriculture and
provided an indication of possible trade-offs between current agriculture and revegetation. The results showed a large gradient from the drier to wetter areas with
economically viable plantings indicated only in the wetter areas.

With the derived responses of agricultural productivity, plant species distribution and carbon
sequestration to climate change captured in GIS layers, the LFAT interface enables users to
interrogate this information, which is crucial to sound planning. Through this project, we have
developed a geographic information system (GIS) and modelling framework that brings
critical information about a region together. It enables projections to be made about what
land use might best occur where, providing options that will help adaptation. Analysis
suggests it will be possible to adapt to a changing climate if changes in land use are made. It
also highlights that policy incentives are likely to be needed to guide and encourage
changed practice.
It is evident from evaluation of the project with the two partner NRM regions that the analysis
and LFAT have been beneficial in raising awareness of the possible changes that can occur
in the region and that many options can be considered in developing new plans.
Accompanying this is a greater appreciation of the need for capacity development through
training. Science informed, climate-ready planning requires quality tools like LFAT, together
with the predisposition of regional planners through willingness, capacity and commitment.
Further development of the LFAT could include:
• Expansion to other regions in Australia, starting with agricultural cropping regions in
South Australia such as in the Northern and Yorke, Adelaide Mt Lofty Ranges and South
East NRM Regions;
• Including measures of agricultural productivity beyond wheat yields, such as was done
for the South Australian MDB region;
• Considering invasive species composition based on the potential for new species to
enter from other regions under future climate rather than just current species distribution
under future climate; and
• Linking modelled and actual distribution of local/indicator species using regularly updated
field monitoring data.

4
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1 OBJECTIVES OF THE RESEARCH
For operational and communication purposes the goal was defined as:
“Develop a process of science based “optioneering” that can become embedded in
NRM Board planning and community engagement.”
The research was planned to capitalise on the projections made by earlier research, in
Landscape Futures Analysis, which illustrated that regional adaptation to climate, market
and social changes is possible by changing what is done where on the land (Bryan et al.
2011).
Local and regional productivity goals, conservation goals and social aspirations can be
achieved by farming to land capability, changing land use to capitalise on the emerging
carbon market, and identifying practices that result in a landscape mosaic of production and
conservation uses, collectively providing multiple ecosystems services. It is possible to make
estimates of the costs and foregone returns for such transformations.
In this context the principle objectives were:
1. Identify and test an implementation process that sees individuals, localities and regions
take the outputs of modelled future scenarios, together with a considered assessment of
the risks of change, and embed them into their planning processes.
2. In collaboration with the Eyre Peninsula and SA Murray Darling Basin Natural Resources
Management Boards develop and use an engagement and planning process that is
informed by local experience and documented resilience planning from other Australian
NRM regions.
3. Develop software that interfaces between the Landscape Futures Analysis datasets and
the effect of different policy options on land use and the resultant economic,
environmental and social indicators and ecosystem services.
4. Provide a guidebook for planning with Landscape Futures Analysis (LFA) that can be
adapted for other regions.
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2 RESEARCH ACTIVITIES AND METHODS
2.1 Context
Within the Australian Government’s Clean Energy Future Plan there is a program to support
the 56 regional natural resource management (NRM) organisations to revise existing
regional NRM plans with the aim of making the plans “climate ready”. Part of being ‘climate
ready’ is identifying where in the landscape biodiversity plantings and carbon abatement
activities should be undertaken, and utilising climate change impact information and
scenarios to guide land use planning.
South Australian researchers have already developed tools and substantial databases of
information to assist NRM Boards with developing plans for future land use change. ’Climate
ready’ planning needs a process that brings together the aspirations of regional people for
their landscape with a well-founded evidence base, developed from the best available data
and decision support tools.

2.2 Work plan operational objectives
To achieve the project goals, two objectives had to be met:
1. Working primarily at an NRM Board level, develop a planning process that can support
development of a “climate ready 2014 – 2019 regional plan” which has legacy (on-going)
value; and
2. Engage the community in a manner that facilitates shared ownership of the vision and
plan, so that decisions at every level can be made in alignment, recognising that there
are constraints – resource, political and administrative boundaries - within which feasible
options can be proposed, discussed and tested.
Given the limited time for the project, effort was focussed on objective 1 and providing a
working example of how the tools, learning and capacity developed in 1 can be implemented
in 2.

2.3 Method
The team worked with staff from the Eyre Peninsula and South Australian Murray-Darling
Basin Natural Resource Management Boards to develop and trial a process for developing
climate ready NRM plans. This project coincided with the start of a new round of planning for
the development of a second regional strategic plan.
The intention was to bring together:
(a) an understanding of change processes that can help develop a shared and co-created
vision of a regional community’s desired landscape, and
(b) tools and data already available for planning for future land use change.
Given the short time-frame of the project, the process was trialled primarily within the NRM
planning group with limited interaction at a subregional level.
Analysis identified the options for possible future land uses that were consistent with the
shared vision, and gave the region the best chance of adapting to climate change and other
emerging ‘drivers’.
It was expected that the process would generate new ways of considering the regional NRM
investment priorities and their implementation, in the context of the shared regional vision.

6
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This process complements informed decision making at regional, local and enterprise levels.
The intention was to enhance the capacity of the NRM Board staff to engage at these levels
in a way that integrates the science into the decision making process. The process provides
stakeholders with a comprehensive assessment of land and water use options; and the
economic, environmental and social consequences that may result.
Freshwater biodiversity was an additional consideration in the planning process for both
regions. In the SA MDB NRM region it is a major priority because activity focuses on the
Murray River corridor. In the EP NRM Region concerns are with small, localised surface
water catchments and, more importantly, with the effects of land use and management on
the groundwater recharge areas that serve Port Lincoln’s major water supply.
This project was managed within an action research framework, providing regular
opportunity for participants and researchers to reflect on and document the lessons from the
processes and outcomes.

2.4 Project phases
The project began in January 2011 and finished in March 2013, although the majority of
engagement with NRM Boards and stakeholders occurred from February through to
December 2012.

2.4.1 Phase 1 – Consult, Envision, Design: February to April 2012
Phase 1 consisted of four main actions completed in the first quarter of 2012.
1. Develop an overview paper for communication purposes with key stakeholders.
2. Document current climate change adaptation planning processes by consulting with
NRM Board staff and reviewing the literature. This considered:
a. current responsibilities and involvement in climate change adaptation planning
b. previous regional plan processes with respect to the science input to the plan
c. assessment of what has worked well and where there are opportunities for
improvement in relation to the science input and its traction (or lack of);
d. document current plan requirements; document the “state” of the NRM Board
positioning (where they see themselves and their role in the planning process).
3. Envisioning to determine:
a. What does the Australian Government, State Government, Local Government, NRM
Board and staff, scientists, stakeholders “see” as the role of the NRM in engaging in
communities to become Climate Change Ready?
b. At regional NRM Board level, what does the Board, the staff, scientists and key
stakeholders envision as the role of NRMs in engaging the community to become
Climate Change Ready?
c. Using indicators extracted from the vision above (b), design a process for effective
community engagement in terms of the way science can be successfully integrated,
with its outcomes in terms of people’s experiences and the NRM staff’s required
capacity.
4. Design and propose a process and “data interface” specifications
a. Design ongoing engagement
b. Define the role of interface tool(s) in data collation and analysis toward facilitating
communication,
Adapted Future Landscapes – From aspiration to implementation 7

c. Draw on past successes in designing the tool
d. Develop specifications of such interface tool(s) and the capacity processes to
support their use
e. Empower Design and Development team(s) (D&D team).
The main outputs were reports that:
• Document the current way climate change adaption planning is undertaken in the
NRM regions.
• Describe a modified planning process that includes local experience, stakeholder
envisioning, identifying indicators of success that reflect the shared vision and
components of resilience based planning from other regions and LFA projections.

2.4.2 Phase 2 – Collate data and build the tool: February to August 2012
Phase 2 consisted of two main actions to be completed by the end of the 3rd quarter of 2012:
1. Audit of data and tools
a. Interview NRM Boards to determine what data and tools the regions currently use
b. Add land condition layers to LFA data layers
c. Determine minimum data required for the analyses
2. Software development - build summary and visualisation tool(s), α-test with D&D team,
define needs for visualisation capability and real time “what-if” as part of the plan
development and subsequent prioritisation process.
The main outputs were reports that:
•
Describe user oriented interface software that will enable land-users, planners and
NRM policy strategists to explore different landscape futures by manipulating
parameters such as market prices, regulatory institutions, technology adoption and
policy intervention. This will allow both visual and numerical representation of the
impacts and trade-offs involved in the selection of different land use mixes.
•
Report on the NRM board’s engagement processes and document capacity building
activity undertaken to enhance this.

2.4.3 Phase 3 – Implement the tool: July to November 2012
Phase 3 was to be completed by December 2012, including piloting the community
engagement process and the use of the tool(s), plus building NRM Board staff capacity to
independently facilitate the process and operate the tools.

8
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The main outcomes and outputs were:
• Reports that describe the outcomes, synergies, opportunities and barriers to the
attainment of one or multiple futures of climate change adaptation for each region. These
will be highlighted as case studies into the effectiveness of the engagement, planning
and LFA process since each region has a mix of both complementary and conflicting
regional objectives;
• Two regional workshops in each region to use the tool;
• Staff capability to engage the regional community in a science informed process of
envisioning their desired future and identifying their preferred range of options;
• Indicators of success in bringing the vision into reality, in addition to ongoing
engagement options to track progress.

2.4.4 Phase 4 – Promote and publish: February 2012 to April 2013
Phase 4 involves promoting and publishing the results of this project. In addition to written
material this will be achieved through briefings of key stakeholders (e.g. Australian
Government and State Departments) and through conducting a workshop to better establish
state-wide climate change adaption planning processes.
The main outcomes and outputs were:
• Briefings with key stakeholders during and after the project.
• Workshop report to identify state-wide climate change adaption planning processes.
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3 RESULTS AND OUTPUTS
3.1 Phase 1 – Consult, Envision, Design
3.1.1 Overview paper for communication purposes with key stakeholders
An important part of this project was the early and ongoing engagement with the two
regional NRM stakeholders. This process was initiated with a brief and very general
description of the project and its intentions in December 2011 (Attachment 1), which was
followed by a brief explanatory paper (Attachment 2). The overview was important as an
introductory paper for both the research team and the stakeholders in the two regions,
developing a greater understanding of the project intentions and the context in which the
research was to be done.

3.1.2 Current climate change adaptation planning processes
The reviews of the planning process that the two regions had undertaken to develop their
first strategic plans and subsequent operational plans are Attachments  and . The
following general observations were drawn from the interactive process:
•
•
•
•
•
•

•

•

the two regions had differing experiences with the NRM plan development process;
the main articulated weaknesses related to principles of integration, accountability and
capability;
there were differences in perceived inclusiveness between the regions – SAMDB
perceived Board and community inclusiveness as strong while EP participants perceived
inclusiveness as weak, particularly in the later stages of the plan development;
different levels of capability were evident between the regions and both plans were
adjudged as “not being well informed by the best available science”;
both regions were concerned at the lengthy time taken to develop the NRM plans and
their relevance;
both regions identified that the plans were inadequate at providing direction when
opportunistic funding from Federal and State Agencies became available and, as an
alternative, it was suggested that it may be best to have a series of guiding strategies
(not actions) for investment which could be tailored to new and emerging funding
options;
both regions questioned the merit of the regional NRM plan – few people read it, few use
it to guide decisions, there is little local community ownership of it and the evidence is
that the plan did not primarily drive the NRM Board’s business – hence the worth of
nearly four years of financial and intellectual investment to develop the plan was
questioned;
as part of the point above there was a sense of general apathy towards the plan
development process by those involved in it – i.e., “people did not seem to care postplan development”.

The research team drew the inference that there is a need for clarity with respect to who the
plan is being developed for and its ongoing function. Part of the issue seems to revolve
around the lack of genuine ownership and hence belief that the Regional NRM Plan is well
conceived, well informed and adaptable, and truly reflects the aspirations of the
stakeholders. This finding was consistent with the impressions that were used to design this
research proposal and why the proposal included the assessment of a different engagement
approach using an “envisioning” process. The outputs from this process are described in the
next section.
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3.1.3 Envisioning to determine how stakeholders want to experience the
planning process and the landscape
Methodology for the ‘Envisioning Process’:
Action research (AR) enables an emergent design for an emergent process in circumstances
where we were unsure of the amount of time that may be available for participants to engage
with us, and where we would evaluate progress as we travelled the path. As much as we
might like to develop a project management plan in advance and ‘roll it out’, experience of
other research teams suggested that this was unlikely to reflect reality, which would be
messier and less efficient due to developing relationships, incompatible language (different
disciplinary backgrounds) and learning as the research team progressed (Martin, et al.,
2010).
Action Research includes a vast number of methods. Ison and Russell (2000) draw upon a
distinction from Checkland (2000), between a ‘systematic’ and ‘systemic’ approach which
they argue aids the epistemological awareness of the researcher. The distinction is between
systemic, being “thinking in terms of wholes” (Ison, 2008, p148) and systematic, “linear, step
by step thinking …”(ibid.) This distinction could be construed as ‘either/or’ but Ison (2008)
highlights the benefits of considering it a useful duality, allowing research capable of
employing both forms of thinking – with awareness of the researcher being “the observer
who gives rise to the distinctions that are made and the responsibility we each have in this
regard.” (Ison, 2008, p148).
The distinction between systemic and systematic brings a constructionist perspective in
contrast to the positivist perspective to the research. This distinction is perhaps uncommon
in the physical sciences. And it is exactly this constructionist perspective to which Kuhn
(1962) referred in his work on ‘scientific revolutions’, when he discussed proponents of
different paradigms “practicing in different worlds” (cited in Umpleby and Dent 1999, p95). In
this manner, systemic thinking, acknowledges the inherent ‘uncertainty’ of our individual
human experiences, and the importance of different perspectives (Umpleby & Dent, 1999).
Checkland and Howell (1998) provide a useful cycle for action research, which is closely
associated with creating a foundation for quality qualitative research. This cycle requires the
declaration of a framework of ideas (F), a methodology (M) and an area of application (A)
with articulated research themes.
With regard to this research:
The framework of ideas (F) is described above in the form of the research objectives –
namely:
(a) to gain an understanding of change processes that can help develop a shared and cocreated vision of a regional community’s desired landscape with
(b) tools and data already available for planning for future land use change that
(c) lead to land managers adapting their land management practices to respond to the
threats and opportunities of climate change.
The methodology (M) is employing cycles of action research by implementing the
‘envisioning process’ and exploring the linkage to the LFAT.
The area of concern (A) is that of NRM strategic planning and community engagement to
promote ‘climate ready’ (adaptive change) at farm, local and regional levels in a manner that
incorporates the best available scientific knowledge.
The methods employed:
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AR at its most basic is an iterative cycle of action and reflection. Methods we employed
within this basic cycle included planning and delivering a series of workshops, seeking
written and verbal feedback from participants after workshops, observing participants’
interactions during workshops, recording outputs from workshops, recording our own
reflections after workshops, engaging in our own reflections as a research team after each
engagement with NRM boards and their communities, and returning to our own reflections
over time to reveal our own mental models and engage in our own double-loop learning.
The Process Unfolded:
A series of workshops were convened involving as many people, representing as diverse a
range of interests possible, associated with the NRM regional planning process. The
intention was to have an interaction that involved the hierarchy of influencers from Federal
and State agencies through to the regional NRM Boards and the Board planning staff.
The central question being explored was how to work with people in a way that connects
visions of their desired futures (and the values embedded within those visions) with
decisions informed by the science, so that a more sustainable future emerges. Our
processes were developed with the recognition that if change is to be transformational, then
our processes need to be cognisant of the mental models and assumptions that are at the
heart of both the conventional and proposed processes.
During the project we explored how each community really wanted to experience the NRM
strategic planning process itself. Some of the information collated during this stage was
incorporated in the brief for the LFAT development. Most informs us about ways the LFAT
may be used with communities.
We then trialled the initial stages of the envisioning process focussing on the landscape, as
the SA MDB want to experience it. We facilitated the development of indicators that would
be observed when their vision is being brought into reality and explored the creation of a
bridge between those indicators and decision making informed by the LFAT. The final phase
of integrating the envisioning process into the regular regional planning cycle, to develop an
action and reflection loop (‘action learning’), was not undertaken with this group because of
the constraints of the research funding timetable.
Following a workshop in Adelaide on 27 April 2012, it was apparent that a greater level of
explanation was needed to help people involved in the process gain a better understanding
of the link between the envisioning and engagement process and the ongoing planning
process. Information that is to be used in regional planning very quickly becomes complex
and confusing once the full scope of regional variation is realised. Add to this the increased
complexity that is generated by considering future climate and commodity price scenarios
and it is understandable that the important link between aspiration and inclusion in the plan
becomes weak. A brief explanation was developed of the project intentions and the role of
envisioning in helping provide people-informed directions that the plan should take
(Attachment 5). The explanation was subsequently distributed to workshops that followed in
the two regions.
The workshop in the SA MDB was at Karoonda on 17 May 2012. The process of envisioning
was enthusiastically engaged with by the 40 people present. The summary of the output is at
Attachment 6.
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It was apparent that some people were bemused that the workshop was asked to address
the question of “how do you want to experience the NRM planning process in your region?”.
This is a quite different question to one that they may have anticipated along the lines of
“what is your vision for the region?”. The important element of this approach is that it seeks
to identify the values that people inevitably use in making decisions but which are rarely
made explicit. As an example, the following values were identified as critical to be exhibited
in any new NRM planning process –
•
•
•
•
•
•

Relevant and transparent communication (2 way)
Everyone is invited
Consider what motivates action
Simplicity
Valuing knowledge from all sources
Trustworthy

With this experience, another workshop was held in Pt Lincoln, Eyre Peninsula on 31 May
2012. While similar values were identified there was additional work done on defining
“indicators of progress” (Attachment 7). These are couched in terms of “what would you
observe if your vision was being lived now?” that would provide evidence that the important
values associated with the planning process were being acknowledged.
While good progress seemed apparent at the time of this workshop we were to learn later
that some participants felt that the envisioning process was too time consuming. It was also
evident that some participants were uncomfortable with a focus on identifying values – this
was outside the usual methods of engagement that focus almost entirely on bio-physical
content and only implicitly on personal values, feelings and relationships. (Both the
comments with regard to time and the degree of discomfort may be interpreted as indicators
that the participants were engaging in real ‘adaptive change’ and seeking ways to ‘avoid the
work’ as can be expected when adaptive work is undertaken (R Heifetz & Linsky, 2002)).
Additional details of the legislative context of NRM planning, the results of the consultation
on the previous planning process and additional interpretation of the envisioning workshops
are given in the Milestone 2 report (Attachment 8).
Apart from experimenting with a different engagement approach the purpose of the
workshops and discussions with regional NRM staff was to refine design specifications for
the information display and analysis tool that regions could use to inform their planning. The
results of this design process are described in the next section.

3.1.4 Design and propose a process and “data interface” specifications
The experimental envisioning process as described above was primarily about an improved
engagement process and through this to gain a better understanding of the form and type of
information that would be most helpful in regional NRM planning. This process was not
specifically about the content of the “tool”; rather it was about developing a greater sense of
ownership of any plan. For clarity, the project activity could be conceived to have two
components - the “processes” and the “tool content”.
The process characteristics were identified from the Karoonda workshop (Attachment 6).
The project therefore needed to deliver a process that recognised the strengths and
weaknesses of past NRM planning approaches and build an improved understanding of how
people want to “experience” climate change informed planning.
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With respect to the content of the Landscape Futures Analysis Tool (LFAT) the discussions
with the regional NRM planning staff resulted in a very preliminary design specification
(Attachment 9). At this stage in the engagement, interest centred around carbon
sequestration plantings and potential effects as well as some interest in projections of
climate change effects on biodiversity.
As part of the ongoing engagement and as an introduction to the LFAT the logic of, and
need for, the Tool, the steps involved in generating the content and analyses of the Tool and
a representation of the interaction process was developed. This (Attachment 10) was shown
at workshops with the planning personal in both regions. The LFA was described as a 5 step
process, viz:
•
•
•
•
•

Gather and collate primary data sets for the region
Use primary datasets to derive and display regional variability and opportunities for
actions
Use models to estimate spatial distributions
Develop implications of climate change scenarios
Provide integration outputs of production, conservation and economics

To assist understanding of the engagement and tool development process a conceptual
figure was used (Figure 1) for illustrative purposes.

Technical

input

–

landscape

futures
Measures of
condition
–
more profit,
more
trees,
less erosion...

People –

Implement

Community, groups
Board, institutions

Community and institutional involvement
Figure 1. Conceptual, interactive arrangement of the role that Landscape Futures Analysis can
have in the NRM planning process

14

Adapted future landscapes – From aspiration to implementation

With this introduction and with further discussion of the way in which the planning process
could use regional projections in response to climate change, carbon price and commodity
price, a Tool specification and trial plan was developed (Attachment 11). This revised plan
was informed by the interactions up to that time including the understanding of the
successful approaches that had been used during the first regional plan. Three stages were
identified, viz:
•
•
•

Discuss what you want the landscape to look like, how you want to experience it and
what information can help to plan for future land use.
Use geographic information to work out what land use options could go where, to
maximise landscape scale agriculture and biodiversity outcomes.
Ask how effective the land use planning exercise was and what capacity needs to be
built to deliver a similar process.

This plan guided the subsequent interactions and from these an evolving set of
specifications for the LFAT was developed.
As indicated in Attachment 11, our initial proposal on output from the LFAT was in the form
of regional maps that could be used in a workshop setting. However before this could be
realised, more exact specification of the LFAT was needed to empower the interface design
and information development team (D&D team). A comprehensive description (Attachment
12) was developed and this identified specific NRM issues that the regions were increasingly
saying were important. The three key NRM planning issues were:
•
•
•

Conserving biodiversity—managing remnants and restoring corridors.
Managing weeds—targeted monitoring of future invasion risk hotspots.
Storing carbon—finding the best places for carbon plantations.

These three demonstration issues also illustrate different approaches to the application of
landscape futures analysis. Conserving biodiversity uses an economic cost-benefit type
approach to inform policy such as targeted incentive schemes under climate change.
Managing weeds uses a risk analysis framework to identify areas at high risk of both
agricultural and ecological weed invasion under climate change for targeting monitoring and
management efforts. Storing carbon uses a landscape planning type approach to identify
areas that are suitable (and unsuitable) for carbon plantations subject to satisfying several
specific criteria. Each of the three issues was implemented as a separate interface in the
LFAT. The Tool is extensible, as interfaces can be added to address other specific NRM
planning issues as necessary.
With this Tool specification in place after much interaction with the regional planning staff the
next interactions revolved around demonstrations of the prototype Tool and noting the
suggestions that they made. Notes from the demonstration workshops with Eyre Peninsula
and SA MDB are at Attachments  and  respectively. From these meetings it became
obvious that a fourth major NRM planning issue was a high priority – agricultural productivity
and its distribution both in space and time. This issue was then added to the existing issues
to make four planning modules that could be displayed and overlain using the LFAT.
More specific recommendations and refinements to the Tool were identified (Attachment 15)
and these have been incorporated in the β test version.

Regional information for water management
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Water is a critical natural resource in the two NRM regions and its availability is almost
always limiting.
Three “sources” are identified; rainfall, surface water (rivers, creeks, lakes) and groundwater.
The distribution of rainfall, both spatial and temporal is embedded within all of the climate
data and hence is a major driver of the models and estimates of native vegetation and
agricultural growth and productivity.
To provide more explicit information to regional planners and managers additional water
related data was added to LFAT as indicated below. It is expected that this information will
act as baseline data to stimulate LFAT users to identify additional and derived water related
data layers.
Groundwater recharge potential
Groundwater recharge is important in sustaining the availability of water for many agricultural
or domestic uses (DWLBC, 2007). This is often of critical importance in semi-arid to arid
regions where other water sources are not readily available. However, excessive recharge
can have harmful side-effects such as salinisation of the root zone due to the rising water
table and aquifer contamination (DWLBC, 2007).
Groundwater recharge potential data was sourced from the Soil Landscapes Analysis data
published by the Department of Water, Land and Biodiversity Conservation (DWLBC, 2007).
Recharge potential was calculated as a function of soil water holding capacity, substrate
porosity and rainfall. Areas were classified as having a low, moderate or high recharge
potential.
Wetlands (from Directory of Important Wetlands of Australia)
Data layers related to wetlands were sourced from the Directory of Important Wetlands in
Australia (Environment Australia, 2001). These are areas of marsh, peatland or water, which
can be natural or artificial in origin. The wetlands can be permanent or perennial; comprised
of static or flowing; and fresh or salt water. A set of criteria were used to determine if
identified wetlands were classified as nationally important wetlands based on their
environmental, ecological, hydrological, historical or cultural significance (Environment
Australia, 2001). Data developed in conjunction with the Directory of Important Wetlands of
Australia was clipped to each of the study areas and converted into raster format for analysis
within the carbon sequestration module.
Rain interception by trees
Interception of rainfall by trees reduces the amount of rainfall reaching the ground surface
resulting in diminished soil moisture and a reduction of aquifer recharge from rainfall (Chen
et al, 2008). Increasing the amount of forest cover can have a dramatic impact on
hydrological processes in certain areas.
Rainfall interception was modelled in 3PG2 as a function of leaf water-retention up to a
maximum thickness of retained water and evaporation at the wet-surface rate during a
rainfall event (Almeida et al., 2007). Input variables were required for rainfall intensity and
the maximum thickness of water on leaves.
A description of the primary data sets, the derived and modelled data along with the scenario
specification and its use follows.
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3.2 Phase 2 – Collate data and build the tool
3.2.1 Audit of data and tools
Much of the regional data was collated during a preceding project (see Meyer et al., 2012a,
2012b). Reports from the preceding project that detail the data layers collected for each
region are at Attachments  and . As an illustration the minimum data sets for a regional
description include:
•
•
•
•
•
•
•

Natural (topography, rivers, lakes) and built (towns, roads, utilities) features
Cadastral information
Land use types over time
Geology, soils and groundwater data
Native vegetation areas / reserves and remnant endemic vegetation
Climate data (for as long as records are available)
Demographic and economic data

While regions had access to much of this information through connections with the
responsible State agency (initially DWLBC and most recently DEWNR) the use was variable
and influenced by resident staff capability. It was apparent from NRM Board staff that while
Geographic Information System (GIS) capability was variably available either directly or by
contracted arrangements during the development of the first regional plan, this capability had
diminished during the last 2 to 3 years. There was explicit recognition that this capability
needed to be improved and new positions are to be filled in late 2012 and early 2013.
There is a growing list of tools and information sources that are becoming available to
regional NRM staff for monitoring and assessment of resource condition in their regions. An
example is the availability of soil erosion vulnerability assessment using historical and
current remotely sensed data. As part of this project a report (Attachment 18) was developed
based on the research by Clarke et al. (2011). This assessment is very cost effective and
should become part of a standard array of monitoring tools. Additionally, the spatial
coverage and data handling is entirely compatible with the GIS layers used in Landscape
Futures Analysis. As regions regain or develop GIS capability as standard operating
practice, soil erosion vulnerability assessment will be a valuable monitoring tool.

3.2.2 Software development – basic structure
The diagrammatic representation of the Landscape Futures Analysis process is given in
Figure 2. The baseline data is that described in 6.2.1 above while the models used and the
arrangement of data, analyses and interface characteristics of the LFAT are described in the
following sections.
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Figure 2. Representation of the Landscape Futures Analysis process where the "User
interface" is that associated with the LFA Tool

3.2.3 Software development – model parameterisation and testing
This section describes the three major modelling exercises, wheat crop growth water use
and yield, native plant species distribution and carbon accumulation associated with trees
and woody vegetation. Each of these models was verified against current data where
possible and then used to estimate changes in yield or distribution in response to possible
climate scenarios.
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3.2.3.1 Regional agricultural productivity through wheat productivity modelling using
APSIM
The substantial development of the regional agricultural productivity modelling had been
done during two previous, major projects:
•
•

For the SA MDB, much of the modelling and associated ground truthing was compiled
during the Lower Murray Landscape Futures Project and reported in Bryan et al. (2007a,
2007b, 2007c).
For the Eyre Peninsula NRM Region, productivity distribution was estimated through the
Agricultural Production Systems Simulator (APSIM) crop model (Keating et al., 2003)
and reported in Meyer et al. (2012a, 2012b).

The previous studies used crop models to simulate the climate-soil interactions at the
regional scale. Asseng et al. (2001a) applied the APSIM crop modelling system to five soil
types across two transects which incorporated 25 locations along a low to high rainfall
gradient. For the Lower Murray study region Wang et al. (2009) used 16 climate stations and
14 soil profile types deemed representative of the broad soil classes.
The same crop model has been used to estimate the effects of climate change on crop
yields (Reyenga et al., 1999; Asseng et al., 2004; Luo et al., 2005b; Tubiello et al., 2007).
The effects are site specific and dependent on the current climate analogue, the size of
reduction in rainfall and the degree of increase in temperature and carbon dioxide level. For
example, Wang et al. (2009) assessed the interactive effects of CO2 concentration and
temperature on wheat yields. They suggested that the doubling of CO2 to 700ppm would
increase yield by 28-43% but increases in temperature of 3°C would decrease yields by 2560%. However, this effect was not consistent across a regional setting and its magnitude
varied spatially due to climatic gradients.
The estimation of agricultural productivity in the SA MDB NRM region included estimates of
wheat, lupins and pasture, all using common climate and soil inputs for the region through
the APSIM crop modelling system. As indicated above, these had mostly been carried out
for the Lower Murray Landscape Futures Project (Bryan et al. 2007b and 2007c). For the
current project the climate data sets were reviewed, the soil data was reassigned using the
most recent classification of South Australian soils estimated yields compared with the most
recent farm survey information.
For the Eyre Peninsula (EP) region, more review and refinement of the APSIM wheat crop
modelling was undertaken and for information this modelling development is described more
fully below. The intention was to generate estimates of wheat yield that were considered by
EP wheat growers and their advisors to be accurately descriptive of the temporal and spatial
variability in harvested yields. The endorsement that the modelled estimates were
acceptably accurate provided a credibility basis from which projected yields with changed
climate conditions could be generated with reasonable confidence. For the EP wheat
modelling was used as a surrogate for all agricultural practices which would traditionally also
include crops such as lupins and canola as well as livestock and crop livestock rotations.
The following sections provide a general description of the model development with
highlights indicating the additions and refinements of the model inputs associated directly
with this project.
Mapping the spatial distribution of simulated input variables
A schematic representation of the process used to classify the different rainfall subregions
and then the associated soil type descriptions is shown in
Figure 3.
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As described previously (Meyer et al. 2012b) cluster analysis was undertaken on the
interpolated surfaces of monthly rainfall across the Eyre Peninsula (EP) between April and
October from data provided by the Australian Bureau of Meteorology (BOM). This analysis
identified nine rainfall regions with distinct rainfall variations. These regions were assigned a
low, medium or high rainfall zone ranking based on their long term average rainfall values.
Rainfall station data from the SILO patch point dataset where rainfall records were greater
than 50 years was extracted. A total of 76 stations were selected and input to a geographic
information system (GIS). These 76 climate areas define the spatial variation of climate
information that was used as climate input into the crop simulation modelling.
Three spatial datasets were used to define the spatial variation in soil characterisations. The
‘South Australian State Land and Soil Information Framework’ (SASLSIF) generated from
the South Australian State Land and Soil mapping program (Department of Environment,
Water and Natural resources (DEWNR)) provides soils datasets in a spatially distributed
format. Within the framework, two fundamental soil attributes for simulation modelling are
available; plant available water holding capacity and soil texture within the top 10cm of the
soil profile. These attributes provide broad classifications of potential magnitudes for both
variables.
The third attribute which is needed in the simulation modelling is rooting depth. This range of
values was derived from other mapped variables and the corresponding literature available
with the mapping (Hall et al., 2009). Similarly, four rooting depths were assigned and then
validated from soil observations from the DEWNR soil pit information. Additionally, during the
current project, expert knowledge from local growers, agricultural consultants and regional
advisors was used to readjust the original mapped plant available water holding capacity
values to fit in with the new rooting depth estimates as well as to validate the resultant
spatial distributions.
This methodology generated 24 potential soil characterisations representing combinations of
rooting depth, plant available water holding capacity and soil texture variables derived from
the soil mapping data on the EP. These mapped characterisations acted as a summary
template from which the input variables used in the crop simulation model can be matched.
Both spatial datasets were brought into the GIS and joined spatially to identify the variation
in soils within each climate area. This process identified the number of simulations runs
needed and the variation of soil characterisation in each of the 76 climate zones.
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Figure 3: Schematic illustration of the methodology used to derive the specific soil
classifications associated with particular rainfall stations for the Eyre Peninsula.
Simulation modelling of the mapped input variables
With adjustments made to the rainfall subregions and particularly the soil classifications (and
associated parameters) the APSIM crop model was re-run to simulate wheat yields with
current and climate changed conditions.
The APSIM 7.3 crop model was parameterised for this study. From the previous section we
identified 76 climate areas with a selection of 21 possible soil characterisations. To model
the impacts of climate change on these areas we followed the method developed by
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Reyenga et al. (1999). This method involved taking the historical climate analogue and
modifying the daily historic climate data by adding a fixed temperature and carbon dioxide
offset and applying a percentage reduction to the historic rainfall. Ludwig and Asseng (2006)
state that using this method is useful because it shows what the effect is of reduced rainfall
using the same inter-annual variation of the historic climate.
To follow this method, climatic data from the SILO Patched Point Dataset was extracted for
the 76 regions based on the time period between 1900 and 2010. This past analogue
represented the current climate scenario (S0). Climate data from the S0 scenario was then
adjusted to represent the climate projections for three climate change scenarios (S1, S2 and
S3) highlighted in Table 1.
Table 1: Nominal temperature, rainfall and carbon dioxide conditions associated with current
(S0), mild (S1), moderate (S2) and severe (S3) climate change scenarios

Scenario
S0
S1
S2
S3

Temperature
change (°C)
+1
+2
+4

Rainfall
change (%)
-5%
-15%
-25%

Carbon dioxide
concentration
390
480
550
750

The rationale for choosing the combination of atmospheric carbon dioxide (CO2),
temperature and rainfall changes was developed from the original review of climate change
projections for South Australia by Suppiah et al. (2006). Hayman et al. (2011) used the
Suppiah projections and illustrated the temperature and rainfall projections made by the
range of climate models as probability distributions for the SA MDB region. The range of
projections is strongly influenced by the choice of projected greenhouse gas emissions.
With this background, it was decided that four climate scenarios (Table 1) would be used as
input for the models. These represent:
• climate up to the year 2000 (S0),
• a mild increase in temperature (S1) that approximates conditions expected at about
2030,
• a moderate increase in temperature (S2) at approximately 2070 with medium emissions
between now and then, and
• a severe setting (S3) that could be expected even at 2070 if emissions accelerate at the
very high end of the emission range.
Within these scenarios the daily weather data is represented that includes global radiation,
rainfall, maximum and minimum temperatures. This data is needed to run the simulation
model for each of the four climate scenarios.
From the previous section we highlighted 21 mapped soil characterisation representing
combinations of rooting depth, plant available water holding capacity and soil texture values.
We explored the APSIM soil characterisation database and matched the 21 mapped soil
characterisations to soil characterisations measured on the EP with equivalent rooting depth,
plant available water holding capacity and soil texture values.
These measured characteristics incorporated soil surface characteristics including soil
albedo, water entry and retention capacity, evaporative potential and surface residue cover.
In addition hydraulic properties of the soil profile - water contents at saturation, drained
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upper limit, and 15 bar suction water content and a drainage coefficient were defined for
each soil layer.
An APSIM set-up was established which used a simplified dryland wheat-fallow farming
system model. The wheat variety chosen for all simulations was Janz, a mid to late maturing
variety. The Janz variety is very well documented and parameterised within APSIM and has
a long history of use in well tested and validated experiments. Also, a mid season variety
such as Janz was preferred in order to account for the uncertainty associated with a wide
sowing window and a rainfall accumulation trigger for planting (1 May to 1 July – see
Appendix 1). The uncertainty in the date of sowing is exacerbated due to the influence of the
climate change scenarios which are expected to push the date of sowing further back in the
year as it takes longer for sufficient soil moisture to accumulate. The crop was deemed to be
sown every year (continuous wheat monoculture) followed by a summer fallow period from
harvest until the next sowing date. The cropping and management parameters of the model
are available in Appendix 1.
Rainfall variation across the Eyre Peninsula has an effect on the amount of nitrogen
mineralised in the soil (nutrient availability) as does the amount applied by the grower for
crop management. The model incorporates two sources of fertilisation which represent a
fixed amount of nitrate mineralisation and ammonium at the start of a simulation and an
applied amount at sowing. The model also provides the ability to apply a top dressing
amount at particular crop growth stages which is common practice in medium and higher
rainfall zones.
To incorporate this spatial variability, a list of nutrient availability values was created to
represent the values expected across the variation in rooting depth and soil textures in the
three rainfall zones (see Appendix 0). These values were derived from published literature
(Adcock, 2005), unpublished trial soil measurements and expert opinion. Fertilisation rates
were also varied by rainfall zone and these application rates were derived from gross margin
handbooks and expert knowledge.
Simulations were run for the current scenario (S0) and future climate change scenarios (S1S4) across each of the 76 climate areas to produce wheat yields (kg/ha) for the 21 soil
characterisation across 110 years. Wheat yields were then averaged over the time period to
produce a long term average wheat yield for each soil characterisation within each climate
area and for each climate scenario.
Validation of the results from the S0 scenario was achieved through the use of expert
opinion from growers near the soil characterisations sites and EP based agricultural
consultants.
This involved feedback from:
•
•
•
•

Around 50 landholders, including both a random selection of those attending workshops
and targeted landholders representing different rainfall districts and different soil types.
Agronomic consultants with clients across the western, eastern and central Eyre
Peninsula districts.
Research and agricultural extension staff from the Minnipa Research Centre.
Port Lincoln Rural Solutions SA staff.

This feedback was supported by seasonal comparisons of actual yield data obtained from
trials on the chosen soil characterisations across Eyre Peninsula and a sub-regional
comparison of yield provided by the Australian Bureau of Statistics and the Minnipa
Agricultural Research Station.
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It should be noted that there are different data bases for soil and climate associated with the
different models (e.g. the APSIM and 3PG2 models) because of the model specific
requirements. The major differences are not the type of data used, rather the level of
aggregation of data. For example, the soils data used in 3PG2 is taken from the ASRIS data
base at land form level. For APSIM, the ASRIS data forms the higher level information which
is added to with more detailed data at a finer spatial scale and where available, at a profile
scale. The APSIM model is set up to make use of the more detailed information, 3PG is not.
These models have been shown to be fit-for-purpose.
Mapping the impacts of climate change on wheat yield at a regional level
A look-up table was created with a variable key that was common to both the mapped soil
characterisations and the yield outputs from simulation modelling. The key consisted of the
rainfall station number and soil characterisation name. The two datasets were linked and
resultant maps of the spatial distribution of long term average wheat yield for each scenario
are shown below.
Figure 4 illustrates the spatial variability of long term average simulated wheat yield for the
Eyre Peninsula for the S0 scenario. Yield variability ranges 150-1,500 kg/ha in the upper part
of the Eyre Peninsula (low rainfall zone) and increases to 1,500-2,500 kg/ha in the middle
medium rainfall zone. The bottom part of the figure illustrates simulated wheat yield for the
smaller area high rainfall zone with yields varying from 2,500 -4,500 kg/ha.

Figure 4: Simulated long term average wheat yields for the Eyre Peninsula based on 110 years
of past climate information.
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Figure 5: Simulated long term average wheat yields for the climate change scenario (S1) for
the Eyre Peninsula.

Figure 5 shows the estimated yields using the S1 climate change scenario. Application of
this scenario across the EP gives an indication of what the potential climate could be in the
next ten to 20 years even if significant mitigation efforts are undertaken globally. Results
showed that yields increased on most soil characterisations due to the increase in
temperature and CO2 level and limited reduction in rainfall across the identified low, medium
and high rainfall zones.
Figure 6 shows the estimated yields using the S2 climate change scenario. Application of
this projection across the EP could reflect a possible climate around 2050 or later even if
significant mitigation efforts are undertaken globally. The figure shows reductions in long
term average yields for the low rainfall zone regions. Estimated yields increased moderately
for coarser textured soils in the medium and high rainfall zones presumably because root
zones are deeper and more stored water is accessible. There is considerable spatial
variation in yield across all rainfall zones associated with the variations in soil characteristics.
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Figure 6: Simulated long term average wheat yields for the climate change scenario (S2) for
the Eyre Peninsula.

Figure 7 shows the estimated yields using the S3 climate change scenario. Application of
this scenario estimates large yield reductions in the low rainfall area particularly on the finer
textured soils. In medium rainfall zones, slight increases in yield are estimated on coarser
textured soils but yield reductions (10-30%) were simulated across the finer textured soil
types. In higher rainfall areas, similar simulated yield trends are apparent with yield
increases (0-20%) simulated on coarser soils and yield reductions (0-20%) estimated on
finer soil types.
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Figure 7: Simulated long term average wheat yields for the climate change scenario (S3) for
the Eyre Peninsula.

The simulation of wheat yields with the three climate scenarios acts as a regional indicator
for possible effects of climate change in the region. The results show the large spatial
variability in response that is due to the interactions between temperature increases, carbon
dioxide increases and rainfall reductions on crop growth combined with soil type effects on
plant available water and nutrient (principally nitrogen) availability.
Calculating agricultural economic returns for climate scenarios (S0-S3)
The following economic analysis was conducted on the modelled wheat productivity of the
study regions for all climate scenarios. In the EP, wheat production was used as a surrogate
for traditional agriculture across all of these scenarios.
To calculate the economic revenue from agricultural production per hectare, the amount of
agricultural production produced was multiplied by the price per tonne:

Where:

R = Q . (P. PM)

R= Long term average revenue from agricultural production per hectare
Q = Quantity of production in tonnes per hectare
P = Price received for agricultural production per tonne
PM = Agricultural price multiplier
Commodity prices for wheat, lupins and wool used in the LFAT modelling were based on 10
year averages from 2001 to 2011 using data sourced from the ABARE (ABARES 2012).
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The prices for wheat and lupins were set at $254.72 per tonne and $261.68 per tonne
respectively. The wool price was set at $5.62 per kilogram based on the 10 year average
greasy price. Prices for sheep meat was based on the average prices of mutton and lamb
average over 10 years from 2001 to 2011 using data sourced from the Meat and Livestock
Australia (MLA 2012). A weighted difference between the average mutton price of $58.30
per head and average lamb price of $88.91 per head was calculated, then a dry sheep
equivalence to head conversion factor of 1.5 was used to convert the weighted difference
head price of $68.50 per head into a dry sheep equivalence of $45.67.An agricultural price
multiplier with rates of 0.5, 1, 1.5 or 2.0 was applied to take into account future variations in
the price received for agricultural production. Application of the equation of economic
revenue produced four maps of economic revenue for the EP and SAMDB regions.
To calculate profit at full equity (PFE) costs of production were included. Costs incorporated
in the agricultural economic analysis include quantity dependant variable costs such as
harvest, storage, handling and treatment costs, area dependant variable costs such as
seeding, fertilizer and pesticide costs, and fixed costs such as operating, labour and
depreciation costs (Bryan et al, 2007c). The variable costs of production were taken from
gross margin handbooks and these vary spatially according to rainfall zone (low, medium
and high). For example, low fertiliser applications are used in low rainfall regions. Other
financial estimates which make up the cost schedule were extracted from reports by the
Australian Bureau of Statistics and the Australian Bureau of Agricultural and Resource
Economics and Sciences. These costs were then verified by agricultural consultants in the
regions.
Where:

PFE = R - (Cr . CM)

R= Long term average revenue from agricultural production per hectare
Cr = Cost of producing an agricultural output per hectare for each rainfall region
CM = Agricultural cost multiplier
Costs for wheat production across the EP and SAMDB study sites ranged from $198 per ha
to $394 per ha. Costs were between $133 and $186 per ha for lupins and $3.1 and $70 per
head (dry sheep equivalent) for grazing in the SAMDB. Similar to the economic revenue
calculation, an agricultural cost multiplier with rates of 0.5, 1, 1.5 or 2.0 was applied to take
into account future variations in the production costs. Application of the equation of PFE for
wheat production produced 16 maps for the EP and SAMDB regions.
Comparison of economic returns from agricultural production and those from alternative land
uses need to be compared over long time periods. To factor in this time period the Net
Present Value (NPV) of agricultural based financial returns is calculated. This calculation
converts the PFE values in the future into present day valued using a defined discount rate
of 7%.
Where:

NPV = PFE * (1 - (1 + disc) t ) / disc

disc= discount rate
PFE = the profit at full equity
t = the number of years – usually 64 in total.
These measures were used to assess the potential profitability of agricultural production
across the study areas for each of the four climate scenarios.
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3.2.3.2 Modelling species vulnerability under climate change
Climate change is likely to have significant effects on the distributions of many plant species
which may shrink, expand and/or shift their geographic range (Santos et al., 2009; Schneider
et al., 2007; Vos et al., 2008). Some species will become more vulnerable if natural
migration is hindered by landscapes altered by humans (Manning et al., 2009). Hence,
targeted conservation is required to facilitate adaptation and migration, especially for the
most sensitive native species.
Vulnerability is commonly used within ecology and conservation planning to quantify the
impacts of a variety of threats on species survival and extinction (e.g. Pressey & Taffs
(2001), Visconti et al. (2010)). Here we are looking specifically at the threat posed by climate
change. Climate change vulnerability is thought to consist of three distinct components.
These include exposure to the threat or stress (in this case climate change), sensitivity to the
stress, and the ability to adapt to the stress or adaptive capacity (Adger, 2006; Crossman et
al., 2012; Schneider et al., 2007; Williams et al., 2008b). Many studies have examined these
components separately. For example, plant species exposure to climate change has been
quantified using species distribution modelling (SDMs). SDMs can model the current
distribution of species and project how these distributions might change under future climate
scenarios ((e.g. Pearson & Dawson, 2003; Thomas et al., 2004; Braunisch et al., 2008;
Coetzee et al., 2009; Carvalho et al., 2010; Heikkinen et al., 2010; Crossman et al., 2011;
Engler et al., 2011). Similarly, the sensitivity of species to climate change has been
estimated by quantifying the likely impact of potential climate scenarios on projected species
distributions. (Hijmans & Graham, 2006; Marmion et al., 2009; Kleinbauer et al., 2010).
Species which are projected to experience shrinkage and or shifts in their geographic ranges
are considered the most sensitive (Midgley et al., 2003).
The ability of species to disperse and migrate to new geographic locations is a key
component of adaptive capacity within the context of climate change (Davis and Shaw,
2001; Carvalho et al., 2010). Particularly because new suitable locations may be dislocated
geographically from current locations. Various spatial models have been developed to look
at how species move through the landscape and try to quantify this ability to adapt by
colonising new areas (e.g. Pearson & Dawson, 2005; Williams et al., 2005; Midgley et al.,
2006; Phillips et al., 2008; Carroll et al., 2010; Carvalho et al., 2010; Crossman et al., 2011).
Increasingly these different components of vulnerability are being integrated using SDMs
(e.g. Carvalho et al., 2010; Thuiller et al., 2005; Crossman et al., 2012, Summers et al.
2012).
Here we combined these components to model the vulnerability of native and weed plant
species in Eyre Peninsula and SA MDB NRM regions under the current climate and three
climate change scenarios (S1, S2 and S3: see p. 19). Species distribution modelling was
used to predict how individual species may move or shift geographically under climate
change. This methodology was developed from previous work in the Adelaide and Mount
Lofty NRM region and the Lower Murray which incorporates these three components of
vulnerability (Summers et al. 2012; Crossman et al., 2012).
Data
Spatial layers of five independent environmental variables were used to predict habitat
distribution in both the Eyre Peninsula and the Lower Murray 1:
• Soil clay content
• Soil pH
• Temperature
1

Most of these analyses were performed on data collated from three NRM regions collectively called the Lower
Murray. In addition to the SA MDB NRM Region the other regions were the Mallee and Wimmera CMA’s in
Victoria.
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•
•

Rainfall
Solar radiation.

The reason for choosing these variables was twofold. First, these were viewed as primary
drivers of plant growth and development (solar radiation, temperature and rainfall) and
effects of soil properties (soil clay content that is highly correlated with water and nutrient
holding capacity, and soil pH as a major controller of nutrient availability). Second, these
variables were available for the study areas.
The two soil variables (clay content and pH) were extracted from the Australian Soil
Resource Information System (ASRIS) (ASRIS, 2007) at a scale of 1:100 000. The three
second Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) was used
to model solar radiation using the Area Solar Radiation tool within the ArcGIS 9.3 toolbox
(ESRI, 2009), and to model mean annual temperature and precipitation layers within the
ESOCLIM module of ANUCLIM (Houlder et al, 1999). These layers were used as the
historical or baseline climate (S0). Annual mean precipitation and annual mean rainfall under
the three climate change scenarios (S1, S2 and S3) were created by adjusting the baseline
climate layers by the relevant temperature increase and precipitation decrease.
Biological data was sourced from the South Australian Department of Environment and
Natural Resources. In the Eyre Peninsula this database consisted of 365,269 geo-located,
point-based, presence-only records of 4,776 plant species over 6,897 unique sites. This
database was refined by omitting water-dependent species, and species with less than 40
recorded observations. The refined database included 286 species with 52,692 records over
2,460 unique sites. In the Lower Murray this database held 247,839 geo-located, pointbased, presence-only records with a total of 4,410 plant species over 57,564 unique sites.
Like the Eyre Peninsula this was refined by omitting water-dependent species, and species
with less than 40 recorded observations. The refined database included 584 species with
173,557 records over 27,810 unique sites.
Methods
Exposure
The exposure of plant species to climate change can be characterised as their predicted
geographic range or distribution, and can be quantified using species distribution models
(SDMs). These models quantify the relationship between independent variables and species
occurrence based on known locations. They then predict species distributions using the
independent variable layers. We selected three diverse models commonly used to predict
species distributions, each using a different model: logistic regression (Márcia Barbosa et al.,
2003; Schussman et al., 2006) using the ArcGIS geographic information system software,
generalised additive models (GAM) (Elith et al., 2006; Guisan et al., 2002; Luoto et al., 2007)
using the GRASP software package, and maximum entropy models using the Maxent
package (MaxEnt) (Phillips et al., 2006).
We predicted species distributions (exposure) based on the five independent variables under
each climate scenario (S0, S1, S2 and S3) using the three models.
Distributions were predicted under climate change by substituting the current climate layer
with the future climate layers, and using the current distributions of species and their
environmental correlates. For each species, we used the presence records and an equal
number of absences randomly selected from the biological survey sites where the species
was not recorded. To counter the potential bias from the generation of synthetic absence
data, each of the three models was run ten times for each species for each climate scenario.
For each run, unique calibration and validation datasets were created from the presence and
absence species records through a random 70/30 split. The validation set was used to
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assess the predictive accuracy (using area under the curve (AUC) statistics) of individual
models under the baseline climate (S0).
Finally, an ensemble model was developed which combined the outputs of the logistic
regression, generalised additive, and maximum entropy models into a single prediction of
species distribution for each species under each climate scenario. The predictive accuracy
was calculated for each ensemble forecast for baseline climate S0 to enable a comparison
of accuracy with the three individual models.
Species sensitivity
The sensitivity of plants to climate change can be calculated based on the likely impact of
climate change on their predicted geographic ranges. Those species experiencing the
greatest shrinkage and shift in geographic range under climate change are the mostsensitive.
We calculated the sensitivity of species to climate change as a scalar sensitivity weight - i.e.
the ratio of the change in species distribution to the extent of species distribution under each
climate change scenario for each species. Higher sensitivity weights are assigned to those
species whose spatial distribution was projected to contract or shift, particularly if their
geographic range is already limited. Species with an extensive distribution receive lower
sensitivity weights, especially where distributions are projected to increase under climate
change.
Adaptive capacity
Adaptive capacity can be quantified as species’ ability to migrate to and colonise new habitat
under climate change scenarios, as future geographic ranges may be spatially dislocated
from current locations. This can be quantified using a dispersal kernel from current known
species locations.
We calculated the dispersal potential for each species under each climate change scenario
(S1, S2 and S3) to provide a measure of adaptive capacity. This was calculated using a
negative exponential dispersal kernel based on the Euclidean distance to the nearest known
location of each species. The negative exponential function creates a dispersal potential
layer with values ranging between zero (cells that are far away) and one (cells that are close
by). Thus, a higher potential dispersal score is assigned to areas closer to known species
locations.
Calculating and evaluating spatial priorities for mitigating species vulnerability
In order to reduce species vulnerability to climate change, the components - exposure,
sensitivity, and adaptive capacity, need to come together to inform spatial priorities for
conservation actions.
Spatial priorities for conservation may be most effectively identified through the principle of
complementarity, such that each unique element of biodiversity has a minimum level of
representation.
We used the conservation planning software package Zonation (Moilanen & Kujala, 2008b)
to identify priority areas for reducing species vulnerability under the three climate change
scenarios S1, S2 and S3, and assessed the levels of species representation in these priority
areas. Zonation uses a complementarity-based algorithm which iteratively removes cells
from the analysis that incur the smallest marginal loss in conservation value (species
representation) (Moilanen & Kujala, 2008a, 2008b). This software includes a range of
methods for identifying and evaluating the selection of conservation areas. It also allows for
the inclusion of supplementary information such as species weights, conservation costs, and
the location of existing reserves.
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In this study, we undertook core-area Zonation analyses to identify spatial conservation
priorities under the three climate change scenarios. Core-area Zonation is designed to
identify solutions that prioritise high-quality locations for all species while still accounting for
priority weights attributed to them.
Eyre Peninsula Results
Species vulnerability: exposure, sensitivity, and adaptive capacity
The ensemble model, combining each of the three individual models performed very well
statistically with a mean Area Under the Curve of 0.832 (S.D. ± 0.089). Within this prediction
a majority of the species were projected to have declining spatial distributions; 150 (52.3%),
160 (55.7%) and 152 (53.0%) under the mild, moderate and severe climate change
scenarios respectively. The projected area of species distributions was calculated as the
weighted sum of grid cell probabilities from the ensemble model. Under the current climate
these ranged from 3830 km2 for Xanthorrhoea semiplana to 46,138 km2 for Austrostipa
nitida.
The sensitivity weights assigned to each species during the species distribution modelling
ranged between 0.04 and 12.1 for the mild scenario, 0.08 and 216.8 for the moderate
scenario and 0.08 and 1056.0 for the severe scenario. Figure 8 illustrate species’ range
shifts and sensitivity weights. Examples of adaptive capacity, and adaptive capacity
combined with exposure, under current climate, and the mild, moderate, and severe climate
change scenarios are presented in Figure 9.
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Figure 8: Examples of modelled species distributions in the Eyre Peninsula under climate
change and resultant sensitivity weights (from Meyer et al. 2012b).
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Figure 9: Examples of adaptive capacity, and adaptive capacity combined with exposure under
current climate, and the mild, moderate, and severe climate change scenarios in the Eyre
Peninsula (Meyer et al. 2012b).
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Spatial priorities for mitigating species vulnerability
Figure 10 shows spatial conservation priorities based on the vulnerability framework under
the three climate change scenarios. Priority areas were largely identified in the west, east
and south of the EP NRM region under the various climate change scenarios.
Large contiguous areas were identified in the east and south with more localised priority in
the central and western parts of the study area (Figure 10 a-c). The eastern priority areas
coincide with an area of slightly higher elevation. Under the mild climate change scenario
there were more priority areas identified in the west and centre of the study area. Under
increasing warming and drying (moderate and severe climate scenarios) there were fewer
priority areas in the west and a higher concentration in the south and east. This can be seen
comparing the prioritisations under the mild (Figure 10a), moderate (Figure 10b) and severe
(Figure 10c) climate change scenarios.

Figure 10: Spatial conservation priorities for vulnerable species in the Eyre Peninsula (adapted
from Meyer et al. 2012b).
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Lower Murray Results
Species vulnerability: exposure, sensitivity, and adaptive capacity
The ensemble model also performed well In the Lower Murray region with a mean Area
Under the Curve of 0.8498 (S.D. ± 0.0852). There were predicted declines in the distribution
of 342 (58.6%), 347 (59.4%) and 352 (60.3%) species under the mild, moderate and severe
climate scenarios respectively. As with the Eyre Peninsula, the area of projected species
distributions under the current climate was calculated as the weighted sum of grid cell
probabilities from the ensemble model. These ranged from 1,357 km2 for Pultenaea costata
to 62,475 km2 for Ptilotus sp.
The sensitivity weights for each species ranged between 0.06 and 19.0 for the mild scenario,
0.1 and 224.5 for the moderate scenario and 0.12 and 2994.7 for the severe scenario.
Examples illustrating species’ range shifts (exposure) and sensitivity weights are presented
in Figure 11.
A dispersal kernel from known species locations, as determined by the biological survey
database was used to quantify adaptive capacity. Examples of adaptive capacity, and
adaptive capacity combined with exposure, under current climate, and the mild, moderate,
and severe climate change scenarios are presented in Figure 12. These maps demonstrate
the higher values (dispersal potential) closer to known locations.
Spatial priorities for mitigating species vulnerability
Spatial conservation priorities based on the vulnerability framework are under the three
climate change scenarios are presented in Figure 13. Priorities were mostly in the western
SAMDB, the southern Mallee and large parts of the Wimmera, across all scenarios (Figure
13 a-c).
Conservation priority areas are largely contiguous in the south and interspersed with
localised priority areas. There are localised priority areas in the eastern SAMDB and
northern Mallee Under the mild climate scenario (Figure 13a) and with increasing warming
and drying (moderate and severe climate scenarios) these priority areas move south and
into areas of higher altitude. This is evident in Figure 13b (moderate scenario) and Figure
13c (severe scenario) where there are no longer priority areas on the northern border of the
Wimmera and there is a higher concentration along the western and southern boundary.
Also, fewer priority areas are identified in the northern half of the SAMDB rather there are
increasing concentrations along the eastern Flinders Ranges and the southern SAMDB.
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Figure 11: Examples of modelled species distributions in the Lower Murray under climate
change and resultant sensitivity weights (Meyer et al. 2012b).
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Figure 12: Examples of adaptive capacity, and adaptive capacity combined with exposure
under current climate, and the mild, moderate, and severe climate change scenarios in the
Lower Murray (Meyer et al. 2012b).
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Figure 13. Spatial conservation priorities for vulnerable species in the Lower Murray (adapted from
Meyer et al. 2012b).

3.2.3.3 Modelling Biomass and Carbon Sequestration under Climate Change
Increased levels of greenhouse gases in the atmosphere from the clearing of forests for
agricultural production over the short, medium and long-term are likely to contribute to the
impacts of global climate change, resulting in the reduction and potential loss of vital
ecosystem services (Albrecht and Kandji, 2003; Rodriguez et al., 2006). As a consequence,
there is a growing interest in the study of alternative land uses in agricultural regions
including the production of biomass, and reafforestation for carbon sequestration.
Each of these strategies provides potential benefits including reduced greenhouse gas
emissions and economic returns for farmers (Bryan et al., 2010a; Bryan et al., 2010b).
Eucalypt biomass could supply the renewable electricity, activated carbon and eucalyptus oil
industries, whereas the benefits of environmental plantations and hardwood plantations
include the mitigation of dryland salinisation and soil erosion (Bryan et al., 2010a; Bryan et
al., 2010b; Jackson et al., 2005). Environmental plantations also provide support for
biodiversity (Foley et al., 2005; Jackson et al., 2005).
Process-based models use the biophysical parameters of tree species to simulate how
characteristics including growth patterns, carbon storage and water cycles will be affected by
external factors (Almeida et al., 2004b; Feikema et al., 2010). Models such as 3-PG
(Physiological Principles to Predict Growth) (Landsberg and Waring, 1997; Sands and
Landsberg, 2002) have been used to determine forest productivity for a range of forest
types, as well as assess site productivity and economic returns under different plantation
management regimes and environmental conditions (Almeida et al., 2004a; Almeida et al.,
2004b; Amichev et al., 2011; Battaglia and Sands, 1998; Bryan et al., 2010a; Bryan et al.,
2007a; Coops and Waring, 2001; Coops et al., 1998; Coops et al., 2005; Landsberg et al.,
2001; Landsberg et al., 2003; Nightingale et al., 2008).
3PG models forest growth patterns on a monthly time scale and has become the default
process-based model for forest management due to its simplicity and the fact that it is freely
available (Sands, 2004).
The CSIRO Land and Water division has recently developed a new version of 3PG, named
3PG2, which includes improvements to the water balance estimates by incorporating daily
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rainfall data, as well as including variables for an understorey, site salinity and ambient CO2
(Almeida et al., 2007; Polglase et al., 2008).
We used 3PG2 to estimate forest productivity (biomass yield) for a homogenous hardwood
plantation (E. cladocalyx), a generic oil mallee species and a multi-species environmental
plantation, based on climate data modelled using the ESOCLIM module of ANUCLIM for
each of the four climate scenarios (S0, S1, S2, S3).
With an estimate of biomass generated the total value of carbon over a nominal time could
be generated and was displayed as the Net Present Value (NPV) of carbon. This was
calculated as the carbon dioxide equivalent sequestered (tonnes CO2-e/ha) multiplied by the
carbon price minus the costs of establishing and maintaining carbon plantations using a
discount rate of 7% over 64 years. The 64 year time is a nominal period deemed to be
sufficient to provide a “long term” projection and consistent with agricultural planning
horizons and the expected carbon sequestration life of trees if they are part of the production
system. Similarly the 7% discount rate is nominal and consistent with usual accounting
practice for agricultural and natural resource accounting.
Modelling Forest Growth with 3PG2
3PG2 models forest growth patterns based on the absorption of photosynthetically active
radiation (PAR) and constrained by environmental variables including temperature, vapour
pressure deficit (VPD), frost, available soil water (ASW), stand age and site nutritional
status. The spatial version of 3PG2 (Coops et al., 1998) can model productivity using raster
data representing spatial variance in soil characteristics and climate for an area. The basic
structure of 3PG1 simulation modelling is illustrated in Figure 14.
3PG2 requires a number of input data sets:
•
•
•

Monthly climate data including total solar radiation, total rainfall, average temperature,
average vapour pressure deficit (VPD), rain days per month and frost days per month
Soil texture and soil depth
Individual species parameters

Long term average monthly climate data were sourced from ESOCLIM (Houlder et al.,
1999). The specific layers used in this modelling were maximum temperature, minimum
temperature, rainfall, rain days and solar radiation. The baseline climate scenario (S0) was
based on the 2006 climate data remaining constant for a 64 year period (2006 to 2070).
Data for the climate change scenarios [mild (S1), moderate (S2), and severe (S3)
warming/drying] were created by altering the baseline temperature and rainfall records in
annual increments from 2006 to 2070. Solar radiation for the initial year was kept constant
for each year under the three climate change scenarios, and the amount of frost days was
set to zero. Although frost days are not uncommon in both study areas (EP and SA MDB)
under the current climate, forecasting changes in frost under climate change is very difficult
and no reliable predictions were available. It is predicted that there will be fewer frost days
under climate change due to higher temperatures but generally there is little data that
provides quantitative predictions or estimates. Given this it seemed impractical to compare
one scenario with frost days included to another scenario without them.
A raster layer describing the soil type was extracted from the Australian Soil Resource
Information System (ASRIS) (ASRIS, 2007). This involved combining three different
individual databases at three different scales. The finest scale soil information – ASRIS soil
level 5 (≤ 1:100 000) – covered the largest area (4,603,900 ha) but in order to cover the
whole study area, databases with broader spatial scales were also included. These included
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the ASRIS soil level 4 (~ 1:250 000) covering 111,500 ha of the study area and ASRIS soil
level 3 (~ 1:1 000 000) covering 371,100 ha.
An example of the soil map produced for the Eyre Peninsula is shown in Figure 15. A soil
depth raster layer was obtained from Polglase et al. (2008) who used a soil terrain analysis
technique (MrVBF, Gallant and Dowling 2003) to estimate effective soil depth for soils that
had a survey recorded depth of greater than 2 metres.
The original species parameters for 3PG were obtained from continued observations and
measurements of forests and plantations (Landsberg et al., 2001). Almeida et al. (2007)
recalibrated the original parameter files for use with 3PG2 in order to incorporate the
enhanced growth and water balance components of the new model.
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Figure 14. Structure of 3PG2 biomass and carbon sequestration simulation.
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Figure 15. Soil texture in the Eyre Peninsula for 3PG2 modelling (Meyer et al. 2012b).

Hardwood plantations were modelled using a species parameter file for E. cladocalyx. E.
cladocalyx is endemic to the Eyre Peninsula and Flinders Ranges regions and is among the
most common species used in commercial plantations in southern Australia, with the
potential to store large amounts of carbon through reafforestation over the long-term
(Almeida et al., 2007; Polglase et al., 2008). Species parameter files were calibrated for E.
cladocalyx (Almeida et al., 2007; Paul et al., 2007). Adjustments were also made to the
maximum stem mass per tree at 1000 trees per hectare, and the maximum age in order to
model the productivity of carbon plantations over the 65 year period from 2006 to 2070.
Environmental plantings offer additional benefits over single species plantations including
support for biodiversity, resilience to climate change and lower ongoing management costs
(Bryan et al., 2007a; Polglase et al., 2008; Polglase et al., 2011). There is also the potential
that in some areas, environmental plantations may store more carbon than single species
plantations over long periods of time (Polglase et al., 2008; Polglase et al., 2011).
The calibration of species parameters for the environmental plantings was based on a
mixture of eucalypts, shrubs and acacias (Almeida et al., 2007; England et al., 2006;
Polglase et al., 2008). Species parameters were recalibrated manually by adjusting
parameters related to species sensitivity to environmental factors, age, and conductance.
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Due to limited calibration data availability for the Eyre Peninsula, environmental plantings
parameters were calibrated using 36 measurements from low to moderate rainfall areas
within the Eyre Peninsula and South Australian Murray-Darling Basin NRM regions.
Environmental planting models were run over the same climate conditions and over the
same period as E. cladocalyx (i.e. 2006 to 2070).
Drought-resistant mallee species have the potential to be useful in the production of
bioenergy from biomass and eucalyptus oil when coppiced on short rotation under dry
conditions (Bryan et al., 2010a; Wildy et al., 2004). Parameters for oil mallee were based on
the average of E. loxophleba lissophloia, E. polybractea, and E. kocchii (Polglase et al.,
2008), and used to represent the productivity of a typical oil mallee over a 6 year rotation. Oil
mallee parameters used were calibrated by Polglase et al. (2008).
Site parameter files were used to define the study area and modelling scenario. The start
age of each species was set to one year with assumed values set for initial stem mass,
foliage mass and root mass, and the initial number of stems per hectare was set to 1000 for
each modelled species. For the purpose of this study understorey and pasture components
were not modelled due to the fact that biomass is only simulated for the understorey
(Polglase et al., 2008). As 3PG2 does not currently account for the effect of atmospheric
CO2, ambient CO2 was set to a default value of 350ppm for each species under each climate
change scenario.
The selected outputs from 3PG2 were the total biomass of forest trees per hectare (tonnes
dry matter/ha), allocated between foliage, root and stem. Gifford (2000) suggests that a
figure of 50±2 %C is a suitable figure to represent the percentage of carbon stored in the
total biomass by weight. A multiplication factor (3.67) was then used to determine the total
amount of CO2 stored in the carbon (Standards Australia, 2002). Thus, 3PG2 estimates of
biomass were converted to CO2 using the formula:

Where:
E = Carbon sequestered (tonnes CO2 –e/ha)
WF = Foliage biomass from 3-PG (tonnes dry matter/ha)
WR = Root biomass from 3-PG (tonnes dry matter/ha)
WS = Stem biomass from 3-PG (tonnes dry matter/ha)
Carbon Sequestration and Forest Growth in Eyre Peninsula
The total carbon sequestration for the modelled hardwood plantations in the Eyre Peninsula
was around 326 tonnes/ha, averaging out to a carbon sequestration rate of approximately 5
tonnes CO2-e/ha/year over the 64 year simulation under the baseline climate scenario
(Figure 16a). Across the study area sequestration rates varied significantly (Figure 17),
ranging from 1.4 tonnes CO2-e/ha/year in the drier areas up to around 10 tonnes CO2e
/ha/year in higher rainfall regions.
Carbon sequestration rates of hardwood plantations decreased under warmer and drier
conditions. The average annual sequestration rate over the 64 year simulation reduced by
approximately 4.8% under climate change scenario S1, 15.3% under S2 and 26% under S3.
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Low productivity areas were affected significantly, with sequestration rates decreasing by up
to 71% under severe climate change. The wetter, more productive regions experienced a
less significant reduction in carbon sequestration, with sequestration rates decreasing by up
to 2.4% under severe climate change (Figure 17).
Modelling of environmental plantings displayed an average sequestration rate of around 4.4
CO2-e/ha/year up to year 54, where the stand matures and the average carbon sequestration
rate starts decreasing. In comparison to hardwood plantations, carbon sequestration
estimates for environmental plantations were lower, with a total sequestration of around 227
tonnes/ha under the baseline climate scenario. This averaged out to an annual carbon
sequestration rate of approximately 3.5 tonnes CO2-e/ha/year over the 64 year simulation
(Figure 16b). Spatially, sequestration rates varied significantly across the study area (Figure
17), ranging from 0.9 tonnes CO2-e/ha/year in the arid regions up to around 12.5 tonnes CO2e
/ha/year in the higher rainfall regions.
Average annual carbon sequestration rates of environmental plantings increased by 2.3%
under climate change scenario S1, and then decreased by around 3.5% under S2 and 9.4%
under S3. Overall, environmental plantings were more resilient to climate change scenarios
than hardwood plantations. As with the hardwood plantations, low productivity areas
experienced a significant decrease in carbon sequestration rates, with sequestration rates
decreasing by up to 54.3% under severe climate change. More productive regions
experienced an increase in carbon sequestration rates under each climate change scenario,
with an increase in carbon sequestration rates of up to 2.4% under climate change scenario
S3.

Figure 16. (a) Temporal dynamics and variation in carbon sequestration for hardwood
plantations (left) and (b) environmental plantings (right) in the Eyre Peninsula under the
baseline and climate change scenarios (Meyer et al. 2012b).
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Figure 17. Estimated CO2 sequestration potential of hardwood plantations and environmental
plantings in the Eyre Peninsula after 64 years (t/ha) (Meyer et al. 2012b).

3PG2 modelling of oil mallee for biomass production under the baseline climate displayed an
average total dry weight of 22.6 tonnes per hectare, averaging out to an annual growth rate
of around 3.8 tonnes per year over the first 6 years before harvest. Across the study area,
growth rates ranged from less than a tonne per year (0.7 tonnes/ha/year) in lower rainfall
areas, to 6.7 tonnes per year in higher rainfall areas (Figure 18).
Average growth rates for oil mallee increased under climate change scenario S1 by 4.7%,
but decreased by 10.8% under S2 and 34.5% under S3. In lower rainfall areas, growth rates
decreased by up to 41% under the severe climate change scenario. In contrast, growth rates
increased in high rainfall areas, with increases of 18.6%, 29.6% and 37.8% observed for S1,
S2 and S3 respectively.

Figure 18. Productivity of oil mallee in the Eyre Peninsula after 64 years (t/ha) (Meyer et al.
2012b).
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Carbon Sequestration and Forest Growth in the Lower Murray
Total carbon sequestration of hardwood plantations across the Lower Murray region ranged
from 3.7 tonnes/ha to 689 tonnes per hectare (Figure 19), with an average total carbon
sequestration of 318 tonnes per hectare. This translates to an average annual sequestration
rate of around 5 tonnes CO2-e/ha/year (Figure 20a).
Carbon sequestration rates of hardwood plantations decreased across the study area under
each of the climate change scenarios, with the average sequestration rate decreasing by
8.3% under S1, 23% under S2 and 37.2% under S3. Sequestration rates remained stable in
higher rainfall areas, with potential carbon sequestration decreasing by only 0.7% under
severe climate change. Areas where sequestration rates were low under the baseline
climate saw no change under each of the climate change scenarios.
Modelling of environmental plantings presented a total carbon sequestration amount of 290
tonnes/hectare on average across the study area, translating to an annual sequestration rate
of 4.5 tonnes CO2-e/ha/year (Figure 20b). Sequestration rates varied across the study area,
with sequestration rates of up to around 10 tonnes CO2-e/ha/year in more productive areas,
to 0.1 tonnes CO2-e/ha/year in the arid regions.
Average annual sequestration rates decreased by nearly 9% under climate change scenario
S1, 23% under S2 and 37% under S3. Sequestration rates remained relatively stable in
higher production areas with carbon sequestration decreasing by up to 2% under the impact
of severe climate change. In arid areas there was no change in carbon sequestration rates.

Figure 19. Estimated CO2 sequestration potential of hardwood plantations and environmental
plantings in the Lower Murray after 64 years (t/ha) (Meyer et al. 2012b).
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Figure 20. (a) Temporal dynamics and variation in carbon sequestration for hardwood
plantations (top) and (b) environmental plantings (bottom) in the Lower Murray under the
baseline and climate change scenarios (Meyer et al. 2012b).

3PG2 modelling of oil mallee for biomass production displayed an average total dry weight of
43.7 tonnes per hectare, averaging to an annual growth rate of around 7.3 tonnes per year
over the first 6 years before harvest. Across the study area, growth rates ranged from less
than a tonne per year (0.4 tonnes/ha/year) in lower rainfall areas, up to around 26 tonnes per
year in higher rainfall areas (Figure 21).
Average growth rates for oil mallee decreased by 13% under climate change scenario S1,
30.2% under S2 and 46% under S3. Growth rates in high production areas increased by up
to 3.3% under S1 and 1.7% under S2, but decreased by as much as 6.7% under S3. There
was no change observed in the minimum growth rates in low rainfall regions of the study
area.

Figure 21. Productivity of oil mallee in the Lower Murray after 64 years (t/ha) (Meyer et al.
2013).

3.3 Phase 3 – Implement the tool
Here we outline a software tool which puts landscape futures information into the hands of
natural resource managers and decision-makers for closer investigation and analysis. The
tool (hereafter referred to as the Landscape Futures Analysis Tool, LFAT) has been
developed for the two project partner NRM regions.
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Both Eyre Peninsula (EP) and South Australian Murray-Darling Basin (SAMDB) regions are
dominated by agricultural land use - both are subject to ongoing environmental degradation and both will be affected by external drivers such as climate change, policy (e.g. carbon
price), and commodity prices.
In the initial version, LFAT includes demonstration applications focussing on four key NRM
planning issues (referred to as Planning Modules). It will enable natural resource managers
and planners to explore potential options for managing these issues given future climate,
policy, and economic uncertainties. The four NRM planning modules are:
•
•
•
•

Agricultural production—managing food and fibre production
Conserving biodiversity—managing remnants and restoring corridors
Managing weeds—targeted monitoring of future invasion risk hotspots
Storing carbon—finding the best places for carbon plantations

Each of these four issues illustrate different approaches to the application of landscape
futures analysis.
•
•
•
•

Agricultural production uses a systems modelling approach which predicts levels of
production under climate change scenarios and then applies economic models to
explore outcomes from different cost and price scenarios.
Conserving biodiversity uses an economic cost-benefit type approach to inform policy
such as targeted incentive schemes under climate change.
Managing weeds uses a risk analysis framework to identify areas at high risk of both
agricultural and ecological weed invasion under climate change for targeting monitoring
and management efforts.
Storing carbon uses a landscape planning approach to identify areas that are suitable
(and unsuitable) for carbon plantations subject to satisfying several specific criteria.

Each of the four issues is implemented as a separate Planning Module. LFAT is extensible,
as interfaces can be added to address other specific NRM planning issues as necessary.
Regional NRM agencies typically have limited access to Geographic Information Systems
and limited capacity for their effective use. Therefore, we proposed a web-based solution to
communicate information on landscape futures that is described in detail below.

3.3.1 Scenarios
The software includes a range of scenarios (listed below) that allow for the exploration of
different production and market conditions.
•
•
•

There are four climate scenarios that will interact with other environmental variables
included in the vegetation models that will affect the estimated productivity of the land.
There are also four cost and price scenarios which will affect the economic viability of
different production systems. These are provided as multipliers relative to 2012
commodity prices.
There are four carbon price scenarios which are provided as absolute dollar numbers.

These different primary variables allow the user to explore the effect of market conditions as
well as primary production. For example, high commodity prices and low production costs
may maintain the economic viability of agricultural production despite declining yields
associated with a warmer drier climate.
The scenarios provided in the software are listed below:
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•

Climate scenarios (as described previously, p. 19):
o

S0 Baseline: Historical climate

o

S1 Mild warming/drying: +1 degree, 5% reduction in rainfall and 480ppm CO2

o

S2 Moderate warming/drying: +2 degrees, 15% reduction in rainfall and 550ppm
CO2

o

S3 Severe warming/drying: +4 degrees, 25% reduction in rainfall and 750ppm
CO2

•

Agricultural commodity price scenarios are considered: 0.5x, 1.0x, 1.5x, and 2.0x the
Australian average prices for wheat, wool, and sheep meat for the period 2001 - 2011.

•

Four production cost scenarios are considered: 0.5x, 1.0x, 1.5x, and 2.0x the average
costs for different production systems from gross margin handbooks and ABARES farm
survey
results
within
the
period
2005
to
2010.
(http://www.daff.gov.au/abares/publications_remote_content/publication_series/farm_sur
vey_results)

•

Four carbon price scenarios are considered: 15, 30, 45 and 60 $/t CO2-e.

This results in up to 256 possible combinations of climate, commodity price, production cost
and carbon price.

3.3.2 NRM planning issues and interfaces
Below is an explanation of the four NRM planning module interfaces (agricultural production,
conservation biology, managing weeds and storing carbon) and a description of how they
can be used in natural resource planning. Each of these interfaces can be used
independently to identify and analyse different policy and planning options. However, there is
also significant interoperability between the modules as many of these planning issues are
related. Thus, in identifying suitable areas for conservation, a user has the opportunity to
consider, for example, the agricultural productivity of different areas, or the potential impact
of different ecological weeds.
There is also much underlying data that is relevant across all applications. For example;
satellite imagery or aerial photography, remnant vegetation patches, land use (agriculture,
protected areas, etc.), ancillary data (roads, towns etc.) or water bodies (rivers etc.),
floodplain, irrigated agriculture, dry land agriculture (cleared land), land tenure
(public/private). This data can be visualised and explored within all of the different planning
interfaces and may be central to final planning decisions.
3.3.2.1 Agricultural production—managing food and fibre production
This interface supports spatial planning for food and fibre production enabling the exploration
of production limits under different climate and market scenarios. This interface provides a
systems approach to spatially explore and understand agricultural production and the
potential effects of climate change on yields. The software also enables the exploration of
variations in the costs of production and commodity price.
The interaction of warmer and dryer climates with increased carbon dioxide concentrations
will have spatially variable effects on production yields as illustrated in Figure 6.
Many agricultural districts within a region are likely to experience declining productivity due
to hotter conditions and reduced rainfall. However, some districts may experience increased
yields due to improved growing conditions. For example, in high rainfall areas, water may
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remain non-limiting for agricultural production and the combination of higher temperatures
and increased carbon dioxide concentrations in the atmosphere will encourage increased
yields.
Irrespective of changing yields, economic conditions can significantly affect the viability of
different land uses and the inclusion of cost and price scenarios allows the user to explore
this. Our systems approach provides estimates of yield that feed into economic models such
that the user can understand how the changing production levels might interact with
changing market conditions. Thus, marginal declines in production can easily be mitigated
by lower input costs and or higher commodity prices. Alternatively, increased productivity
might be offset by increasing costs, reducing the economic viability of different agricultural
systems. Importantly, all of these combinations are explored spatially.
Within agricultural production alone there are 64 combinations of climate, cost and price
scenarios that enable a detailed exploration of climate and market conditions. Thus, the user
can develop a much more informed understanding of the interactions within the different
scenarios and how these are expressed spatially. There is also the opportunity for users to
develop a greater sense of the sensitivity of the different driving variables as well as the
response trends as climate and prices change.

3.3.2.2 Conserving biodiversity—managing remnants and restoring corridors
This interface supports spatial planning for the establishment of revegetation plantings and
the management of remnant vegetation communities. The software enables consideration of
biodiversity benefits under different climatic conditions as well as potential economic tradeoffs from restoration and conservation actions under different climate conditions. This
interface also enables the user to integrate landscape futures information with their own
knowledge and experience to evaluate options for managing remnants and establishing
areas of revegetation.
This interface enables the user to examine the projected distributions of 300 to 400
individual native species in both NRM regions under different climate scenarios. They can
bring up single or multiple species distributions and explore how they are projected to
migrate under climate change. Importantly, the user can also examine a landscape
prioritisation developed from combining all of these individual species to explore how
projected conservation priorities are likely to move under climate change. This conservation
prioritisation identifies areas in the landscape that are a priority for vulnerable species, or
those species that are adversely affected by climate change.
A typical goal within this module would be to identify areas for management and restoration
that minimise the loss to agricultural production, or are achievable within budget or policy
restraints. In considering these investment and allocation options a user can also explore the
various ecological, economic and policy trade-offs under potential climate change scenarios.
For example, a user may wish to understand the potential cost of different conservation
options such as increasing links between existing conservation areas. They could use this
module to identify and maximise the biodiversity benefits of different corridor options but also
examine the potential costs from lost agricultural production over the different options.
3.3.2.3 Managing weeds—targeted monitoring of future invasion risk hotspots
This interface supports the targeting of pest plant activities and weed management—
including weeds that affect high-value agricultural enterprises (economic weeds) and native
ecosystems (ecological weeds). A particular focus of this interface is the identification of
areas that become potential hotspots for weed invasion risk under climate change. Individual
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weed species can be analysed separately or hotspots involving multiple species can be
developed.
We take a risk mitigation approach where we combine spatial layers of the likelihood with the
consequence of weed invasion.
•
•

Likelihood is derived from modelled weed species habitat suitability and dispersal layers
such that the greater the suitability of weed habitat under climate change nearer to
known locations—the greater the likelihood of invasion (Crossman et al. 2011).
Consequence is derived from the potential value-at-risk from weed invasion. For
agricultural weeds, the highest consequences are in the high-economic-return
agricultural areas.

For ecological weeds, the highest consequences are in those areas of high-value remnant
patches or those cleared areas that are of high priority for environmental plantings and
ecological restoration. The risk layer is multiplicative such that high-risk areas are those that
have both a high likelihood and a high consequence.
This interface can enable regional natural resource managers to target investment and effort
in specific areas in order to address the threat of invasive species to both agricultural and
native ecosystems under future climate change.
This will enable the user to target monitoring, management, extension, and the provision of
specific and targeted information to local landholders, farmer groups, community groups,
and conservation agencies.
3.3.2.4 Storing carbon—finding the best places for carbon plantations
This planning module interface supports spatial planning for the reforestation of carbon
plantations—monocultures of fast-growing Eucalyptus species for the sequestration of
carbon in biomass. This interface takes a planning approach akin to the traffic light approach
developed for planning the reconfiguration of irrigation districts (Crossman et al. 2010).
Response surfaces of modelled tree growth under the different potential climate change
scenarios allow the user to identify areas in the landscape that are suitable (or not) for
carbon plantations. That is, areas of high productivity, where the carbon sequestration
benefits from tree plantings would be maximised, and areas of low productivity, where the
sequestration benefits would be marginal.
Within this analysis there are a range of other data sets and information that may be relevant
in understanding the various trade-offs associated with different land use options. For
example, the user can incorporate queries about potential agricultural production and related
economic potential of the land under different climate change, cost and price scenarios.
Alternatively, users may want to identify areas that satisfy some combination of being
privately-owned, with higher carbon sequestration potential, are at risk of wind erosion, do
not affect water resources, are not prime agricultural land, do not preclude future restoration
in high biodiversity priority areas, have significant economic potential, and do all this under a
range of possible climate futures.
Thus, in a typical work flow, additional datasets are available and may be considered in the
analysis. This interface also enables the user to integrate landscape futures information with
their own knowledge and experience to evaluate options for locating carbon plantations.
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3.3.3 Interface features and functionality
The objective of LFAT is to provide a platform to facilitate the delivery of derived
geographical data to be accessed by employees in the Eyre Peninsula and South Australian
Murray Darling Basin Natural Resources Management agencies. As such, the interface
provides basic GIS functionality as well as the integration of landscape futures information
as described above.
This GIS functionality allows for the loading and display of a range of spatial layers including
primary datasets and the derived landscape futures information (discussed above).
However, once displayed there are also a series of standard GIS tools that allow for the
various datasets to be explored and analysed to extract useful information. These tools
include: panning and zooming which allows for data examination at different geographic
scales and extents.
There is an identification tool that facilitates data queries so that different elements in the
scene can be identified and their attributes listed. A selection tool allows for individual
elements to be selected and highlighted, and multiple elements to be grouped together and
for their attributes to be summarised. There is also a dynamic buffer tool that enables the
creation of distance buffers around points of interest so that elements within a certain
distance can be identified and attributes summarised.
There are a range of export and reporting functions that allow outputs to be taken from the
computer and software domain and circulated as the user requires. Maps can be exported at
suitable scales and resolutions and results can be tabulated for communication and
reporting.
The LFAT User Manual provides an overview of the file structure with descriptions for each
set of layers and the modelling processes involved. This provides users with an
understanding of where underlying data has been sourced and how the final layers have
been created. If further validation is required, the data layers, underlying datasets and
metadata can be made available upon request.
Example screen downloads from the LFAT

Figure 22. Opening screen for user login and registration.
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Figure 23. Select NRM region of interest (Eyre Peninsula in this case) showing town locations
and roads.

Figure 24. Select the Planning Module of interest (carbon sequestration in this case). The
information layer choices are shown in the content pallette on the left and the layer
information window on the right.
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Figure 25. Select an output variable from the list (carbon value in this case) associated with
the Scenario case. The information for the display layer is in the right hand window.

Figure 26. Choose a second case (in this case and extreme climate and price scenario) to
enable quick visual comparison between the cases.

3.4 Phase 4 - Promote and publish
Much of the initial promotion was carried out during the consultation phase with the staff and
some community members of the two NRM regions. Every opportunity was taken to interact
with other NRM regions and with the responsible state agencies (DWLBC, DEWNR, PIRSA)
during the project development. A listing of the interactions is detailed in Part B of the
Comprehensive Activity Report.
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As the LFAT became operational an awareness brochure was developed. This brief is at
Attachment 19.
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4 DISCUSSION OF THE RESULTS AND OUTPUTS
4.1 Reflections on the learning from the previous planning process
Previous reviews of Australian NRM planning and implementation processes have identified
significant limitations in the success of well intentioned actions.
A comprehensive review by Williams et al. (2008a) concluded that “the current Australian
NRM (is a) ritual driven approach”. This conclusion was reached after review of the
documented development of NRM from the late 1980’s. Essentially the evidence is that the
programs have had quite limited success in achieving the often ambitious goals. This was
summarised as “there was a lack of a strategic investment framework, long timeframes for
progress in decision making and administrative processes, small scale nature of most
projects and a focus on on-ground outcomes. The scope of community development and
resource condition improvement has been limited due to these and other shortcomings.”
The responses recorded from the consultation with the NRM Boards and staff, as indicated
in Section 6.1.2, are consistent with this ongoing trend in limited effectiveness of current
planning and implementation. This is despite the regional planning being largely directed by
regulatory requirements from the responsible State agency. These processes and
requirements have presumably been informed by current best practice.
Hence there is previous and current evidence that continuation of existing planning and
implementation practices will not generate outcomes that are as good as they could or
should be. We should therefore take heed of the quote from Albert Einstein “We can’t solve
problems by using the same kind of thinking we used when we created them.” This project
therefore tried a different approach. This was the rationale for experimenting with the
envisioning process as the information and analyses needs of the regions were identified.

4.2 The role of envisioning in progressing from aspiration to
implementation
Two points stand out when considering the incorporation of science into NRM planning:
• It is not easy.
• NRM planning is increasingly divorced from implementation.
Over years of engagement with NRM Boards researchers have noted that it is not easy to
gain traction for science that will benefit the community. This experience is not unique and
reflects a broader trend since WWII, where scientists have moved from a position as
experts offering valued technical advice (often in a production or industrial setting), to
‘expert-citizens’ partnering with ‘citizen-experts’ to generate improved outcomes for the
greater good - and where process is at least as important as desired outputs.
In many cases overly bureaucratic approaches and an administrative requirement to ‘tick the
box’ take the passion from planning and leave stakeholders disenfranchised. In some cases,
regional planners have come to see their task as simply completing a ‘planning’ process
(largely divorced from implementation) that meets the requirements of regulation, or of “the
Minister”.
There is a tendency for NRM Boards and key stakeholders to become familiar with working
with each other and preferring it to remain this way - in a sense ‘protecting’ their local
communities from engaging with the hard facts or in the hard decisions. This ‘protection’
allows the protected to avoid the adaptive work that is required to enable new ways of
seeing and doing emerge.
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There is also a more fundamental problem – the linear or ‘Newtonian’ structure of plans and
their inability to deal with complexity and uncertainty. Current accepted practice for planning
identifies a pathway of milestones leading to specific strategic goals that reflect a succinct
statement of “the vision”. This assumes that we can accurately predict the outcome, achieve
a specific result over long time frames and tell people what to do in order to implement the
plan. This linear process breaks the plan down into discreet parts, each to be delivered by a
different part of the organisation. The assumption being that the whole is merely the sum of
the parts.
The assumptions underpinning the conventional strategic planning process are
fundamentally at odds with the behaviour of complex adaptive systems, which are inherently
unpredictable over the longer term and subject to indirect and non-linear causation. We
propose a new role for vision as a ‘cradle’ for the entire process of planning and
implementation. It constantly informs and is informed by the process, as communities learn
more about how to bring their desired future into being.
The vision we are describing is a values-rich story that continues to evolve as people
experience their emerging future and reprioritise their own values over time. We perceive
visions as being proactive and scenarios as being more reactive in stance. ‘Envisioning’ has
been used to achieve that and to supplement other planning and consultation processes.
The ‘envisioning process’ is a four-stage process (detailed in the User’s Guide), involving:
•
•
•
•

A shared vision.
Core messages.
Indicators.
Action learning, with LFAT scenarios.

This envisioning process assumes:
•
•
•
•
•

Non-linear cause and effect and offers a framework within which experiments may be
undertaken in order to learn about the behaviour of the system and how best to influence
it.
Inherent unpredictability, especially over longer time frames and larger spatial areas. It
avoids setting specific targets or SMART goals, and employs qualitative lead-indicators
instead.
Agents within the system are unable to control the system, but can influence it by
learning how to work with the powerful self-organising forces already at work within it.
That from the often unrecognised self-organising comes emergent properties that are
specific to the system.
Starting points (“sensitivity to initial conditions”) and history (“path dependence”) are
important and different in each NRM region, so the process needs to respond to these
differences.

The envisioning process commences with the development of a shared vision through a
discussion about ‘how we really want to experience the landscape’.
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It places participants, and their values, at the centre of the process to make their own
meaning and exercise their own leadership to respond to climate change in ways that make
sense to them.
It is critical that the regional planning community develops the capacity to keep the shared
vision present, both as a means of orientation in a complex environment and as a guide to
future action. The vision also has an important role to play when using LFAT. The vision:
•
•
•

Provides a focus for investigations, shaping the types of queries to be explored.
Helps set boundaries to contain the breadth of scenarios considered – which is important
given the capacity of LFAT to generate innumerable options.
Remains ‘alive’ throughout the use and application of LFAT, helping ensure that
implementation leads to the realisation of community expectations.

The vision enables the best science (through the LFA) and expert knowledge from other
sources to be integrated in the making of decisions about the future shape of the landscape.
From our experience, and given that a working example of the LFAT using data sets from
SAMDB and EP NRM regions is now available, we suggest introducing LFAT early in the
process; raising awareness regarding what LFAT is capable of and how it might be used to
aid decision making.
Experience with the envisioning and planning process indicates that everyone appears to be
short of time and yet we know that time is required to adapt. It is apparent that if we are to
make the transformational changes required, a commitment is needed to devote time to the
process; to thinking and to learning. The process must be allowed to dictate the time, rather
than the time dictating the process.
Ironically, our team suffered from a lack of a clear and shared vision for the project. This was
largely a result of our interdisciplinary composition that meant that it took time for us to
develop the necessary shared language and understandings, and that we lacked the time in
the early stages for internal communication. We learned from each other as we progressed
and the principal researcher held the vision for the team. The feedback and evaluation
suggests the team functioned well with regard to other facets.
Much energy was expended trying to find a ‘hook’ to motivate the NRM boards to engage
with this process – they believed that they had nothing more to learn about the science and
art of planning and were really most interested in the LFAT. This highlights the need to
assess willingness to change, or dissatisfaction with the status quo, before doing anything
else – not everyone will be willing at the same time or in the same way.
Envisioning has the capacity to identify common ground among diverse stakeholders and to
build relationships. This ‘common ground’ is important in terms of group dynamics and
developing a willingness to collaborate, not only between regional participants, but also with
practitioners contributing expert knowledge – science, farming experience, and indigenous
wisdom. It encompasses values such as transparency, participation, respect, honouring
different kinds of knowledge (local, indigenous and scientific) and autonomy to respond to
complex bio-socio-economic environments. Many participants do not experience planning in
this way.
The process recommended also provides for capacity building in the form of exposure to
complexity theory and its implications for management and planning. This will influence the
‘structure of the system’, as it raises awareness of existing mental models and deeply held
beliefs and assumptions about how the world operates.
Core principles to support the process are:
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(a) Envisioning operates as a bridge between science and decision making that can
integrate more than just “the science” – it can bring together and integrate the
contribution from multiple stakeholders with diverse perspectives, and bring to bear
‘wisdom’ from various sources.
(b) One size doesn’t fit all – we must be able to adapt the process to local variations in the
social, political, agricultural and natural landscape. Even the dominant local land use has
an effect on the dynamics of regional planning – e.g. large cropping and grazing holdings
versus smaller horticultural holdings.
(c) The process must reconnect the notions of planning and implementation. Planning must
be seen as part of an integrated process, directed to action on the ground, rather than an
end in itself, ticking the regulatory box.
(d) The role that time plays must be understood and respected. This was the least
anticipated but, perhaps, most important principle to emerge from our work. The adaptive
work demanded by the shift to a fundamentally different way of understanding planning
and implementation in a complex socio-political environment requires time, and a
willingness to devote time. It does not happen overnight. Adaptive work can be
uncomfortable and lack of time can be used as a method of avoiding the adaptive work
required.
Time is also required to develop the capacity within NRM boards and their communities to
exercise leadership for change.
The existing structure of the broader NRM system and its impact on planning in the regions
cannot be overlooked – it is all interconnected. The organisational structure, hierarchy, locus
of control, and management paradigm all impact upon the ability of local communities to
bring their vision into being and make the changes required. Change at the regional level
requires thoughtful and supportive changes in management. This includes sensitivity to the
balance between state-based policy making and autonomous regional planning and
implementation.
For more information on the need and justification for an envisioning process, see Appendix
9.2.

4.3 Agricultural productivity modelling
The potential impacts of climate change on wheat yields on the Eyre Peninsula relied on
maping yield outputs from a one-dimension crop simulation model to a two-dimensional
space. Validation of both the mapping and simulated yield outputs was done in conjunction
with expert knowledge provided by local growers and agricultural consultants. Where
possible, further validation came through the use of annual yield data for specific soil
characterisations, and at a larger sub-regional scale through published yield estimates.
Applying the S1 Climate Change (CC) scenario across the Eyre Peninsula gives an
indication of what potential climate could be in the next ten years or later if significant
mitigation efforts are undertaken globally. Results showed increases in wheat yield due to
the increase in temperature and CO2 level and limited reduction in rainfall across the
identified low, medium and high rainfall zones.
Applying the S2 CC projections that could reflect a possible climate for 2030 or later if
significant mitigation efforts are undertaken globally, showed reductions in average yields for
the low rainfall zone regions.
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Differences in soil texture, a graduation from coarser to finer textures, showed an increase in
yields for the coarser textured soil in the medium and high rainfall zones. There was
variation in the impacts of the CC projections on yield across all rainfall zones.
Applying the S3 CC projection showed large yield reductions in the low rainfall area,
especially on the finer textured soils. In medium rainfall zones, slight increases are recorded
in yield on coarser textured soils but yield reductions (10-30%) were simulated across the
finer soil types. In higher rainfall areas, similar simulated yield trends are apparent with yield
increases (0-20%) simulated on coarser soils and yield reductions (0-20%) estimated on
finer soil types.
The simulation of wheat yields over the three scenarios acts as a regional indicator for the
impact of climate change on the region. The results showed that there are a variety of
spatially varying impacts with the interactions of temperature and carbon dioxide increases,
rainfall reductions and soil types within each climate defined region. The reduction in
simulated yields in regions where rainfall is growth limiting outweigh the beneficial influence
of increased temperature and carbon dioxide. In areas where rainfall is not growth limiting,
simulated yields have been shown to increase - however, this is dependent on soil type.
While the soils mapping is quite coarse, regional predictions about the impacts of climate
change are still relevant and informative allowing the targeting of climate change adaptation
strategies to specific areas.
These results suggest that the opportunities and options available for climate change
adaptation will vary across the Eyre Peninsula and within the low, medium and high rainfall
regions. Opportunities within the region rest on the adoption of different management
regimes or changes in land use on soil types identified as being negatively impacted by
climate change.
The method identified in this project has used state of the art crop simulation modelling and
soils mapping. Further improvements in this area are dependent on two issues.
•

•

First, increased empirical and geographic validation and subsequent refinement of
simulation models for other crops which make up the Australian farming system is
needed. The wheat model in this project was used because it has been tested in
different climatic and geographic situations. Further testing is needed on the outputs of
the model to ensure reasonable simulation confidence in any future modelling.
Second, the spatial distribution of the simulation results is limited by the current coarse
resolution of the South Australian Soil’s database. Further improvement in the spatial
discrimination of soils at a higher resolution could be made through the application of
remote sensing information.

4.4 The most vulnerable species and ecosystems
A climate change vulnerability framework was used to identify complementarity-based
spatial conservation priorities.
•

Plant species distribution models were used to identify and quantify the potential
exposure of species to climate change.
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•
•

Those species most adversely affected were identified and attributed sensitivity weights
from the projected changes in species’ distributions under climate change.
Finally dispersal kernels were developed to quantify migration and dispersal ability, and
provide a spatially explicit measure of adaptive capacity.

These three components (exposure, sensitivity and adaptive capacity) were combined into a
landscape prioritisation that enabled the identification of high priority areas for conservation
actions to reduce species vulnerability to climate change in the Eyre Peninsula (e.g. Figure
10) and Lower Murray (e.g. Figure 13) study areas. Complementarity-based landscape
prioritisation using Zonation provided a minimum representation for each element (species)
within the landscape (Ferrier and Wintle, 2009, Moilanen and Kujala, 2008a).
In both the Eyre Peninsula and Lower Murray regions conservation priorities identified using
the vulnerability framework were concentrated in more southern latitudes and higher
altitudes (western priority areas). Typically, these areas have cooler and wetter climates and
are generally projected to decrease in area with expected climate change. Similarly, the
localised priority areas in the western districts of the Eyre Peninsula study area would
typically have higher rainfall than the more inland central districts. The prioritisation of these
areas (cooler, wetter) as important in reducing species vulnerability is consistent with the
findings in other studies (Carvalho et al., 2010, Engler et al., 2011, Garzón et al., 2008,
Thuiller et al., 2005).
These results are likely to have significant practical implications for conservation agencies,
as they provide an effective, quantitative, repeatable and geographically transferable
methodology to prioritise conservation and restoration under climate change. We advocate
the use of this methodology, using the climate change vulnerability framework (exposure,
sensitivity, and adaptive capacity), for targeting spatial conservation with the aim of reducing
species vulnerability to climate change (see also Crossman et al., 2012, Summers et al.,
2012). However, in advocating this methodology it is important that the assumptions and
limitations of such an approach be recognised. For example, the use of a generic dispersal
factor is a first approximation as is the analysis based on individual species rather than
ecological communities. This is an area of research that needs much more development.
Future modelling that incorporates more comprehensive adaptation processes can be
included in the LFAT framework.
Despite the benefits for vulnerable species outlined here, our results show that targeting
vulnerable species is not without costs. For example, there are trade-offs between a focus
on sensitive species and levels of representation of other species (for a full discussion of
these trade-offs see Summers et al., 2012). Nonetheless, these trade-offs highlight the
importance of complementarity-based spatial prioritisation and represent a significant
advance over previous studies (e.g. Crossman et al., 2012). These trade-offs are also the
central theme in the various arguments around conservation triage (e.g. Wilson et al., 2010),
including whether or not to undertake cost-effective allocation of conservation funds or
whether to focus investment on priority species.
There are complex trade-offs in conservation and species prioritisation that have significant
implications for restoration and conservation investment. Conservation actions such as land
acquisition, pest species eradication, ecological restoration, and fencing and livestock
removal are expensive and need to be spatially targeted to achieve efficient outcomes
(Wilson et al., 2010). The methodology presented here provides a quantitative and
repeatable means to prioritise conservation and restoration under climate change.
The methodology minimises the trade-off, maximises representation of all species, and
ensures the prioritisation of areas that are important for vulnerable species.
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4.5 Carbon sequestration and plantation growth
3PG2 was used to model the biomass productivity of a hardwood plantation and
environmental plantings for carbon sequestration over 64 years under a baseline and three
climate change scenarios in the Eyre Peninsula and Lower Murray regions. Likewise, oil
mallee was modelled over 6 years in these same regions and under the same climate
scenarios to simulate biomass production. Similar spatial patterns are observed across both
study-site regions with higher productivity and carbon sequestration rates in areas of greater
rainfall, typically the more southern latitudes and higher altitudes. Nonetheless, all three land
uses displayed high spatial variability in both regional study areas.
In the Eyre Peninsula region, under the current climate there were higher productivity levels
at the southern tip of the peninsula extending, to varying extents, along the coast to the
west. There is also a small area of high productivity around the ‘Cleve Hills’ in the north east
of EP. Hardwood plantations and environmental planting have a greater concentration of
higher yields in the south, with most of the northern half of the peninsula having very low
yields over the 64 years (Figure 17). Because the oil mallee is only modelled over 6 years
the actual yield values are much lower, although overall patterns observed are much the
same (Figure 18). Nonetheless, higher productivity levels, relative to other areas, extend
further along the coast to the west and also further north, and thus into low rainfall areas,
than occurs with hardwoods and environmental plantings.
There was some variability in the productivity of the different tree plantings under the
different climate change scenarios.
•
•
•

Average carbon sequestration rates decreased substantially for hardwood plantations
under increased warming and drying with larger reductions in low rainfall areas (Figure
17).
Environmental plantings had lower productivity and sequestration rates overall but
experienced a slight increase in yield under the mild warming and drying scenario before
decreasing again under the moderate and severe climates (Figure 16 and Figure 17).
Biomass production of oil mallee also displayed an increase in average growth rates
under mild climate change, and more significant decreases under moderate and severe
climate change (Figure 18). However, despite these average decreases with increasing
climate change, there are some areas that experience increased productivity with
increasing warming and drying. This is particularly evident in the oil mallee productivity
with substantial increases in yield under areas of high rainfall (Figure 18), due to
improved growing conditions resulting from a warmer climate in areas where, despite
reduced total rainfall, water does not become totally limiting.

In the Lower Murray region, under the current climate, there were higher levels of production
along the eastern face of the Mount Lofty Ranges (western edge of study area), around the
lower lakes (south western corner of study area) and along the southern edge of the
Wimmera CMA (southern edge of study area). These are areas of higher rainfall and lower
temperatures that are generally more conducive to plant growth. Hardwood plantations and
environmental plantings have relatively high yields extending almost to the Murray River on
the north east border of the study site (Figure 19).
Relative to its overall distribution, oil mallee has a higher concentration of its high yields in
the south with much lower yields further north (Figure 21).
Under the mild, moderate and severe climate change scenarios average carbon
sequestration rates decrease for hardwood and environmental plantings over the 64 years.
Similarly, the oil mallee experienced reduced productivity under each climate change
scenario over the 6 year modelling timeframe. There was no combination of increased
temperature and reduced rainfall that resulted in increased yields as observed on the Eyre
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Peninsula. This is likely the result of differences in soil type and the depth of soil affecting
the water balance.
The 3PG2 modelling demonstrates the spatial variability of tree growth and carbon
sequestration. It highlights the influence of water balance and soil type in biomass
production and thus the amount of carbon sequestered. This interaction of water balance
and soil type can result in positive outcomes from a warming and drying climate in localised
areas. However, it is clear that overall production would be reduced from increased warming
and drying.
The modelling also examines some of the trade-offs associated with different targets. For
example, trees grown purely for carbon (hardwood plantations) have a higher yield than
those plantings that also have some biodiversity benefit (environmental plantings).

4.6 Bringing LFAT together and interacting with the regional planners
The discussion above indicates the extent and depth of the spatial and process modelling
that has formed the core of this project. The detail of possible changes and responses to
climate change can provide significant insight that should inform regional planning that can
be demonstrably “climate ready”. However making this information available in a form that
allows learning, assimilation and translation into regional planning and operations is not
straight forward. Making the vast amount of information available in an easily accessible
form was the design intent of the LFAT. The success of the availability of such a tool is
highly dependent on the willingness and receptiveness of the regional planners and also
increasingly on the acceptance of the regional communities. Recognition of this nexus was
the reason for the project experimentation with the envisioning engagement process.
With the LFAT being available via the Web interaction with the regional planners and NRM
Board staff is planned. Their response to the tool and how they plan to use it in their
community engagement will be documented and added, as a supplement, to this report.
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5 GAPS AND FUTURE RESEARCH DIRECTIONS
Of most relevance to this research is the dynamic interaction shaped, on the one hand, by
the legislated requirement, overseen by the relevant state government department
(DEWNR), for NRM Boards to write regionally based climate change adaptation plans that
need Ministerial signoff (top down planning) and, on the other hand, the need for
implementation and adaptation at the NRM regional and local (grass roots) level. This
represents a complex ‘whole systems’ change, but we argue that the planning process itself
is founded on an older worldview or ‘paradigm’ (Kuhn, 1962) and requires transformation at
the institutional level if it is to enable more rapid adaptation at the landscape level.
It could be argued that conventional strategic planning processes are ‘Newtonian’ or
‘mechanistic’ in their underlying assumptions of consistency and predictability, and of linear
and direct cause and effect (Mowles, et al., 2008; Wheatley, 1999). These assumptions have
promulgated a generally top-down approach that separates planning from implementation
and imposes controls in an attempt to ensure that the planned strategies are implemented.
In conventional planning cycles, vision is seen as a broad, very high level goal – a first step,
which is often left behind as the more detailed and concrete work of planning strategies and
actions is commenced. The detailed planning identifies a pathway of milestones leading to
specific strategic goals that reflect the vision. It assumes that we can accurately predict the
outcome, achieve a specific result over long time frames and tell people what to do in order
to implement the plan. Even the implementation process reflects a Newtonian ‘reductionist’
approach – a linear process that breaks the plan down into discreet parts, each to be
delivered by a different part of the organisation. The assumption being that the whole is
merely the sum of the parts.
This project has gathered evidence that a different process is called for if NRM regions are
going to adapt rapidly to the coincidence of environmental, economic and social drivers.
To start this process every NRM region in Australia should implement LFA as a fundamental
method to assemble the basic bio-physical, social and economic information of their region.
This would require an audit of the regional data that is likely to exist within regional, state
and federal agencies. The data would need to be checked for completeness and currency
and assembled in a GIS compatible form. With this, the models used in this project can be
applied and regional validation undertaken as part of the process to build credibility within
the region, including NRM staff, State agency staff and regional land managers. A parallel
process using the methods outlined in the envisioning process is needed to increase the
opportunity for genuine regional engagement and on-going ownership. Once current data
and projected options are assembled and displayed in consistent map form it is then
predisposed for use in assessing planning and management options, informed by
projections developed from the environmental and social drivers.
While this logic seems self evident from a scientific and technical perspective it clearly does
not happen because of the less logical intervention of people and their preferences. Future
research therefore needs to continue the exploration of more effective ways of developing
and using biophysical information to inform, together with greater understanding of people’s
values which determine what is done.
It is also evident that any planning and implementation process together with supporting
information tools need to be easily and readily updated. This requirement is met with the
processes that are part of the Landscape Futures Analysis and displayed in the LFAT. With
a future that is not unknown but is uncertain there will be the need to update the information
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base, to improve the representation of the key driving processes in the models and to modify
the way information is presented to improve its usefulness in decision making. This is the
advantage of the processes and tools that have been further developed in this project.
The LFAT provides a unique visual representation of future land use options as they relate to
agricultural management, biodiversity management, carbon sequestration and weed
management under different future climate, input /output prices for farming and carbon price.
Use of the tool has achieved a major breakthrough in terms of being able to engage end
users in the process of building alternate future landscape scale management options.
However, further work is needed to:
•
•
•
•
•
•
•
•
•
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expand the LFAT to other regions in Australia, starting with agricultural cropping regions
in South Australia such as in the Northern and Yorke, Adelaide Mt Lofty Ranges and
South East NRM Regions;
include measures of agricultural productivity beyond wheat yields, such as was done for
the South Australian MDB region;
provide sufficient training to ensure that regional NRM planners have sufficient
understanding of the structure and functioning of the tool to deliver it without the need for
continuous support from the research team;
develop a number of standard scenarios for awareness raising presentations, retaining
the more complex scenarios for regional planning purposes;
include layers for plants and animals important to current and past on-ground
management actions;
consider invasive species composition based on the potential for new species to enter
from other regions under future climate rather than just current species distribution under
future climate;
provide regions with another layer of information to guide program development i.e.
where to direct biodiversity effort with landholders, where to support local government
with change of land use;
link modelled and actual distribution of local/indicator species using regularly updated
field monitoring data; and
conduct further work on entering property specifics and then remodelling through
scenario’s for smaller areas.
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APPENDIX 1 - APSIM PARAMETERS
The sowing window was set to between 1 May and 1 July of each year. Sowing occurred
when cumulative rainfall over three consecutive days was greater than 10mm or when the
end of the sowing window was reached. Sowing density was set to 180 plants/m2 , sown to
a depth of 40mm and at a row spacing of 220 mm. Surface residue was assumed to be
wheat stubble and initialised to 1 t/ha. Soil organic carbon level was reset to the starting
value for the soil. The ratio of carbon to nitrogen was set to 80. Wheat grain was harvested
at maturity. The soil moisture, soil nitrogen and surface organic matter were reset at 1
January each year to remove the impact of the previous crop and season on the following
crop. Resetting soil N and organic matter also avoided problems such as fertility rundown in
a continuous wheat monoculture which would make interpretation difficult.
Soil moisture was set to 30% of maximum available water for each soil characterisation
which was evenly distributed down the profile. This followed the method used by Luo et
al.(2009) who set moderate soil water values to ensure reasonable emergence rates (1736%) to eliminate modelled crop failures in order to trace and detect the patterns of climate
change impact. One difference between our study and those previous was that we set our
soil water parameter to reset at 1st January rather than at the 30th March. This choice was
made to include the influence of the projected reduction in summer rainfall caused by climate
change on the summer rainfall analogue.
The mapped definition of soils through particle size (texture) differences allowed us to
distinguish variations of soil evaporation parameters in the model. These variables U which
is the amount of cumulative evaporation in mm, since soil wetting, before soil supply
becomes limiting and CONA which is the coefficient used to calculate subsequent soil
evaporation in stage 2 that is a fraction of the square root of time since the end of first stage
evaporation can be changed for each soil characterisation. We linearly adjusted the soil
evaporation values based on minimum and maximum values of U and CONA from the
APSOIL database for the Eyre Peninsula and the degree of variation across the textural
differences in the soil types. See Table 2,
Table 3 and Table 4 for the values used in these model settings.
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Table 2: Cona and U values by soil texture used in the APSIM model

Soil texture

Description

Cona

U

A

More than 60% sand

2.00

2.00

F

More than 30% sand

2.18

2.36

B

More than 60% loamy sand

2.45

2.91

C

More than 60% sandy loam

2.73

3.45

CC

More than 30% sandy loam - Coarser

3.09

4.18

CF

More than 30% sandy loam - Finer

3.18

4.36

D

More than 60% loam

3.27

4.55

E

More than 60% sandy clay loam

3.36

4.73

EC

More than 30% sandy clay loam

3.82

5.64

F

More than 60% clay loam

3.91

5.82

FC

More than 30% clay loam

4

6

Table 3: Values of applied nitrogen (kg/ha) at sowing and at certain phasic development stage
(Zadok stage 30-32) for the low, medium and high rainfall zones

Rainfall Zone
Low (3 driest sub regions)
Medium
High (2 wettest sub regions)

80

Nitrogen at sowing
(kg/ha)
10
13
16

Nitrogen at Zadok stage
30-32 (kg/ha)
0
12
34
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Table 4: Initial nitrogen and ammonium values (kg/ha) across rainfall zones, rooting depth and
major textural classes.

Nitrogen (kg/ha)

Root
Rainfall Depth
zone
(cm)
Major soil texture
classes
Low
0-100

Texture
More More
than than
60% 60%
sandy loam
loam

More
than
60%
sand

More
than
60%
loamy
sand

A

B

C

32

36

Ammonium (kg/ha)
Texture
More More
than than
60% 60%
sandy loam
loam

More
than
60%
clay
loam

More
than
60%
sand

More
than
60%
loamy
sand

D

More
than
60%
sandy
clay
loam
E

F

A

B

42

50

58

58

10.56 11.88 13.86 16.5 19.14 19.14

C

D

More
than
60%
sandy
clay
loam
E

More
than
60%
clay
loam
F

Medium

0-100

42

48

58

62

64

64

13.86 15.84 19.14 20.46 21.12 21.12

High

0-100

48

54

64

74

82

82

15.84 17.82 21.12 24.42 27.06 27.06

Low

0-60

24

28

34

40

46

46

7.92

Medium

0-60

32

38

45

50

52

54

10.56 12.54 14.85 16.5 17.16 17.82

High

0-60

40

46

54

62

70

80

13.2 15.18 17.82 20.46 23.1

Low

0-40

16

20

24

28

32

34

5.28

Medium

0-40

30

32

36

38

44

48

9.9

High

0-40

36

42

48

54

60

66

11.88 13.86 15.84 17.82 19.8 21.78

Low

0-20

12

14

16

20

24

24

3.96

4.62

5.28

6.6

7.92

7.92

Medium

0-20

16

18

22

26

30

32

5.28

5.94

7.26

8.58

9.9

10.56

High

0-20

24

28

32

36

40

44

7.92

9.24 10.56 11.88 13.2 14.52

9.24 11.22 13.2 15.18 15.18

6.6

7.92

26.4

9.24 10.56 11.22

10.56 11.88 12.54 14.52 15.84
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APPENDIX 2 - THE ROLE OF ENVISIONING IN PROGRESSING
FROM ASPIRATION TO IMPLEMENTATION
Context of the ‘envisioning process’
The broader context for including a process of community engagement such as ‘envisioning’
as explored in this research, was driven initially by the research team’s observations over
years of engagement with NRM Boards and in other contexts, that gaining traction for
science for the benefit of the community is not easy. This experience is not unique and
reflects a broader trend since WWII, where scientists have moved from a position as
experts offering valued technical advice (often in a production or industrial setting), to
‘expert-citizens’ partnering with ‘citizen-experts’ to generate improved outcomes for the
greater good and where process is at least as important as desired outputs (Martin et al.,
2010). In particular, Martin et al. (2010, p37) state:
“The literatures do strongly indicate that if the goal of research is effective, adoption of a
substantial number of variables have to be managed. Good science and good project
management are necessary but far from sufficient conditions for success.”
Within this specific NRM research context, it became apparent that in addition to presenting
the LFAT in a manner that is informative, relevant, easy to use and engaging, success in
‘climate ready’ strategic planning was as much about implementation as planning. This
realisation led to additional capability (skills and knowledge) being added to the interdisciplinary research team in the areas of organisational sustainability, transformational
change, leadership, management and complex adaptive systems. The need to incorporate
the understanding of complex adaptive systems into modelling of this kind has been
recognised e.g. (Dearing et al., 2012; Nicholson et al., 2009) and our approach to linking the
LFAT modelling with the socio-economic system is also founded on principles derived from
complexity science.
The ‘envisioning’ explored in this research is a process rather than a single event and was
being developed and employed by this project’s researchers within organisations prior to this
research. Previous research has explored visions and scenarios in a number of ways
(Lynam, 2007). In fact the literature in the natural resource management field tends to
conflate these two ways of looking forward: to envision or to project scenarios (e.g.Lynam, et
al., 2007; Rounsevell & Metzger, 2010). However, we make a distinction between visions as
being co-created with a pro-active intention to influence the future in a certain desired
manner, and scenarios as being created with the intention of understanding the dynamics of
certain relationships and how they might unfold in a manner that may be responded to but
not necessarily influenced. So we perceive visions as being proactive and scenarios as
being more reactive in stance.
The challenge identified in the literature is to link the vision of the desired future, developed
at the NRM regional and subregional scale, with the computer model at the global scale
(Lyle, 2013; Rounsevell et al., 2012). The current research attempts to address this issue by
linking the LFAT computer model and a desired future enunciated during the ‘envisioning
process’. As explored later in this report, this linkage was one of the most challenging facets
of the research in the field.
The ‘envisioning process’ was also explored because:
•
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Within the field of community engagement for sustainability, it has been widely
recognised that collective envisioning of a desired future does something important – it
brings people together (Meadows, 1994; Senge, 1994; Woolcock & Brown, 2005).
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•

Within a sphere as contentious as planning for an uncertain future, where some
stakeholders continue to deny climate change as a phenomenon, while others are
motivated to respond urgently to climate change, a process that unites people at the
most fundamental level of their values appeared a useful starting place.
We recognised the need for a process within which to embed the science outputs (LFAT)
in a way that would influence adaptive change more successfully than in the past.

Four Important Facets of the ‘Envisioning Process’
The following points provide an overview of important and distinguishing features of the
‘envisioning process’.
A systemic approach founded upon principles of complex adaptive systems
The ‘envisioning process’ is consistent with environmental management research which
suggests that influencing the landscape, on the scale and in the timeframe required if it is to
adapt to climate change, demands an appreciation of complex adaptive systems and a
greater understanding of the interaction between social and ecological systems (Dearing, et
al., 2012). Although the intention behind such calls for greater understanding has been to aid
in the development of scenario modelling to improve its predicative power and accuracy, our
approach in the ‘envisioning process’ is to integrate a management tool that is founded upon
the principles of complex adaptive systems. It is an innovative approach as has been called
for in responding to climate change (Cross et al., 2012), and experimental in its application in
the NRM regional context, having originally been designed for, and successfully applied in, a
corporate organization context.
The innovation represented by the ‘envisioning process’ traces its source to the principles of
complexity upon which it is founded. This is consistent with an emerging theme in
organizational management literature as it responds to the growing scientific understanding
of complexity in organizational life (Boyatzis, 2006; Capra, 2002; Ecoliteracy, 2011;
Hämäläinen & Saarinen, 2008; Hock, 1995; Marion, 1999; Mowles et al., 2008; Paul, 2007a;
Rhodes, 2008; Rowe & Hogarth, 2005; Stacey, 1995; Styhre, 2002; Uhl-Bien, Marion, &
McKelvey, 2007).
Current accepted practice for planning identifies a pathway of milestones leading to specific
strategic goals that reflect a succinct statement of “the vision”. This assumes that we can
accurately predict the outcome, achieve a specific result over long time frames and tell
people what to do in order to implement the plan. This linear process breaks the plan down
into discreet parts, each to be delivered by a different part of the organisation. The
assumption being that the whole is merely the sum of the parts.
The assumptions underpinning the conventional strategic planning process are
fundamentally at odds with the behaviour of complex adaptive systems, which are inherently
unpredictable over the longer term and subject to indirect and non-linear causation. We
propose a new role for vision as a ‘cradle’ for the entire process of planning and
implementation. It constantly informs and is informed by the process, as communities learn
more about how to bring their desired future into being. The vision we are describing is a
values-rich story that continues to evolve as people experience their emerging future and
reprioritise their own values over time (Meadows,1994).
The ‘envisioning process’ is a four-stage process (detailed in the Instruction Manual) that
reflects the behaviours of complex adaptive systems and has been heavily influenced by the
work of Donella Meadows (Meadows, 1994, 1998, 1999, 2001, 2004; Meadows, Meadows,
Randers, & Behrens III, 1972). This envisioning process assumes:
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•
•
•
•
•

Non-linear cause and effect and offers a framework within which experiments may be
undertaken in order to learn about the behaviour of the system and how best to influence
it.
Inherent unpredictability, especially over longer time frames and larger spatial areas. It
avoids setting specific targets or SMART goals, and employs qualitative lead-indicators
instead.
Agents within the system are unable to control the system, but can influence it by
learning how to work with the powerful self-organising forces already at work within it.
That from the often unrecognised self-organising comes emergent properties that are
specific to the system (Harris, 2007).
Starting points (“sensitivity to initial conditions”) and history (“path dependence”) are
important and different in each NRM region, so the process needs to respond to these
differences.

We expect this framework to cause unease among some scientists and other stakeholders
with a background in NRM as the process represents a very different way of ‘planning’; a
different paradigm. However, it may be the type of experimentation required to deliver
change on the ground, in response to global challenges such as population growth, water
scarcity, food security, growing energy requirements and climate change (Beddington, 2009;
Meadows, Randers, & Meadows, 2004; Turner, 2008) – the perfect storm that our existing
institutional practices have, to date, struggled to grapple with.
A process as a container for ‘adaptive change’ – planning and implementation
The researched process of envisioning was intended to engage farmers and land managers,
as well as NRM practitioners. This reflects an understanding of the dynamics and nature of
“adaptive change”, which is defined as a change in the minds and hearts of people, requiring
both new learning and a reprioritisation of values (Heifetz, 1994; Heifetz et al., 2009; Heifetz
& Laurie, 1997; Heifetz & Linsky, 2002). Heifetz’s adaptive leadership and change
framework is one that has been developed with an appreciation of complexity and is
consistent with the principles outlined above.
Heifetz describes adaptive change as a process over time requiring people to undergo a
personal appraisal of the values that have served them well in the past (this links to the
climate change adaptation literature exploring issues of identity and values (Adger et al.,
2009; Alexandra & Riddington, 2007)) and personally weighing these against those values
which will serve them well in the future. Values in this context means those qualities of life
that are held as important to individuals and the society in which they live. Heifetz proposes
that facilitating this assessment and choice through conversations enables people to
reprioritise (not change) values and make adaptive changes. It is expected that this is an
emotional process that takes time and the outcome is unpredictable as people hear
concerns or priorities from others within the system of interest and weigh this against their
own interests.
In addition, neuroscience research has increased the understanding of the dynamic of
learning to which Heifetz refers in his framework. Learning (and so adaptive change) is also
associated with the development of new neural pathways that are strengthened over time
(by increasing the density of attention) to create new thinking habits (Schwartz & Rock,
2006). This research also reveals that new neural pathways are best formed by offering
opportunities for personal insights or ‘ah-ha’ moments that need re-enforcement over time.
Questions are often more helpful in this process than providing pre-packaged solutions or
answers.
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The major implications of this understanding of the nature and dynamic of adaptive change
for increasing the ‘traction of the science’ are:
•
•

Adaptive change is unlikely to result from the single act of ‘communicating’ the science
as new information; and
Adaptive change requires the creation of a series of facilitated conversations where the
scientific information can be considered by each individual, in the context of the core
values shared by all stakeholders, to allow a collective ‘solution’ to emerge from the
system.

The ‘envisioning process’ we explored in this research is therefore a series of conversations
targeted at those who need to undertake the adaptive work and the exact nature of that work
may vary in different contexts and for different purposes.
Not ‘adaptive management’
It is important to distinguish Heifetz’s adaptive leadership and change framework as
explored in this research, from ‘adaptive management’ as has been researched, practiced
and discussed in NRM since the 1970’s. Allan and Stankey define adaptive management as
“the purposeful and deliberate design of policies in such a way as to enhance learning as
well as to inform subsequent action” (Allan & Stankey, 2009) p3).
The commonality between the approach we are exploring and adaptive management is that
both recognise the importance of experimentation for learning. There are many differences
between the two processes but the most salient for our purposes here are:
•

•

‘Adaptive change’ is a process undergone by those who need to embrace shifts at the
level of personal values and new learning in order to change the way they see and do
things (land managers, and NRM planners in this research). ‘Adaptive management’ is
targeted at learning about appropriate policy settings to resolve troubling NRM problems.
Within the adaptive leadership and change framework, two different types of challenge
are recognised.
o The first is the ‘technical problem’. This is defined as a problem that can be easily
defined and solved – the learning (which may be many different types of learning
ranging from scientific learning through to engaging with the community) has
already been done and it is known how to solve this type of problem. Because
the learning and the thinking required to understand has already been done, and
the solution is widely available, it is often easy and appropriate to use ‘authority’
to tell people what to do. For a technical problem this approach is generally
effective. It is quick, easy and tidy. Passing legislation and creating government
policy is a ‘technical’ approach, that tells or signals people what to do, and it will
work most effectively if the challenge is a ‘technical’ one.
o The second type of challenge identified is an ‘adaptive challenge’. This is defined
as being difficult to define, requires substantial learning to solve and being a type
of challenge where the people with the problem are the problem – and the
solution. The ‘envisioning process’ by providing a process of engagement within
which to engage with the science, and engaging land managers and NRM
planners who make decisions and need to learn, is an adaptive change process.
(Indeed, traditional strategic planning, within the context of the challenge
presented by climate change, undertaken at a higher level of authority, with
actions passed down the line to be implemented, is a technical approach to an
adaptive challenge, and it is not surprising, then, that it tends to be ineffective.)
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•

•

There is a place for both the ‘adaptive management’ approach and the ‘adaptive change’
approach as embodied by the ‘envisioning process’, because the challenge of
developing climate ready plans for NRM Boards that will be actioned on the ground (one
of the issues identified in this research), is a combination of an adaptive challenge and a
technical problem.
The appreciation of the difference between ‘technical problems’ and ‘adaptive
challenges’ (Table 5) that is embedded in the ‘envisioning process’ underpins a
fundamental change in approach that this research intended to explore.

Table 5. Distinguishing technical problems and adaptive challenges (from Heifetz, et al., 2009,
p20).

Kind of challenge

Problem
definition
Clear
and Clear

Solution

Locus of work

Technical
Technical
Adaptive
Adaptive

Clear
Requires learning

Authority
Authority
Stakeholders
Stakeholders

Requires learning Requires learning
(unclear)

and

Not ‘communication’
There is a growing literature exploring how to foster engagement in behaviour change in
response to climate change, that is focussed on the messaging of climate change
information (Moser & Dilling, 2007; Ockwell, Whitmarsh, & O'Neill, 2009; Scannell & Gifford,
2013). The approach explored here goes beyond messaging (which is a ‘technical
approach’) to an engagement with stakeholders (adaptive approach), with the science (and
knowledge from other sources) made available as a part of the process. (It is true however
that enrolling participants into the process requires insightful messaging to gain their
participation.)
Not just ‘physical limits’
Adger et al. (2009) discuss and explore how the limits of adaptation to climate change may
be determined, not only by physical, economic and technological limits, but also from within
a society and be dependent upon “goals, values, risk and social choice. These limits to
adaptation are mutable, subjective and socially constructed. How limits to adaptation
become constructed, rather than how they are discovered, becomes the operative question.”
(Adger et al., 2009, p338). The ‘envisioning process, as conceived here, can also be viewed
as an attempt to expand the endogenous limits of adaptation to climate change.
A process to aid strategic decision making
How people make decisions to respond to climate change has been a focus of research for
some time and the envisioning process recognises that the decision a land manager makes
to experiment with or adopt new practices in response to changes in climate (actual or
prospective) are influenced by many variables such as personal beliefs, values, household
beliefs, social bonds with peers and community, in addition to lived experiences of the
impact of climate change (Colliver, 2011; Lyle, 2013).
The envisioning process, commencing as it does with a discussion about ‘how we really
want to experience the landscape’, is intended to work at the level of individual and collective
values and does this within a social and local systemic context. It is intended to place
participants at the centre of the process to make their own meaning and exercise their own
leadership to respond to climate change in ways that make sense to them. As reported
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above, our experience has reflected the finding of Meadows (Meadows, 1994), that at the
level of deeply held values, most people want the same things.
The envisioning process also reflects research into strategic decision-making within an
organisational context and incorporates suggestions to allow access to tacit knowledge,
which we refer to as wisdom. These strategies include the use of personal reflection, sharing
reflections with others to explore the underlying assumptions and beliefs and mental imagery
(Brockmann, 2008).
Community Engagement Principles
The entire envisioning process displays the elements found necessary for effective action
within a water resource management context by Gasteyer et al (2002) cited by Woolcock &
Brown (2005) in their literature review of community engagement in natural resources in
Australia. The ‘envisioning process’ fulfils all the required elements as reported by Gasteyer
et al. (2002). Further, the envisioning process is also consistent with the Bellagio Principles
for monitoring sustainable development (International Institute for Sustainable Development,
1996) 2. The elements and principles are listed in short form below in Table 6.
Table 6: Brief listing of the elements and principles identified as needed for effective action
associated with water resource management.

Context

Elements
Principles

Gasteyer et al (2002)
Bellagio Principles (1996)
Community participation in International
Institute for
water protection
Sustainable Development –
local to global contexts
or Context specificity
Guiding vision and goals
Diverse perspectives
Collective vision
Neutral facilitators
Group inquiry
Participatory contract
Monitoring
Sustained
systematic
learning
Evaluation

Holistic perspective
Essential elements
Adequate scope
Practical focus
Openness
Effective communication
Broad participation
Institutional capacity

The envisioning process employed in the research detailed here, is consistent with these
principles although time constraints meant that we were unable to participate as broadly or
deeply at the community (grass roots) level as we had intended. The envisioning process
comprises four interconnected phases (principles from the table above are shown in
brackets at the end of each phase of the process):
•

Envisioning: How do you really want to experience your landscape? A holistic approach
to envisioning (Context specificity, holistic perspective, collective vision, guiding vision
and goals).
2

It should be noted, also, that the envisioning process is consistent with the International
Association of Public Participation’s (IAP2) spectrum on public participation and the
emerging trend towards “collaborative governance” (Martin, et al., 2010).
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•
•
•

Core Vales: Embedded in the vision, core values address relationships with other
people and with the landscape.
Indicators of Progress: A combination of qualitative indicators and quantitative
measures as appropriate, to enable monitoring of progress and act as prompts to action.
(Monitoring, collective vision and goals).
Action Learning: an ongoing iterative cycle of planning action, taking action and
reflecting upon what lessons have been learned about the complex social-environmental
ecology (system) the community is attempting to influence; employing the LFAT as a
crucial source of climate change science to inform but not dictate decision making.
(Sustained systematic learning, evaluation, practical focus).

Figure 27. Relationship between envisioning (reflecting core values) and Landscape Futures
Analysis (LFA).

The manner in which the process is employed within the community and then facilitated was
intended to meet the remaining principles of diverse perspectives, neutral facilitators,
participatory contract, openness, effective communication, and broad participation.

Summarising the rationale and justification for using an “envisioning process”
The envisioning process as a whole is detailed in the “Instruction Manual” rather than this
report. In detailing the process however we are not suggesting that this process is the ‘cure
all’ or the only process that may meet the critical identified need. It is a process that meets a
range of needs as outlined above.
The need that we explore here is for a community/stakeholder engagement process that
facilitates the development of a collective strategic approach to the adaptive challenge of
shaping the future landscape in response to changing climate. In a complex socio-ecological
context, involving long time horizons and large geographic distances, this engagement
process looks to facilitate collaborative decision-making by all the stakeholders in a manner
that integrates the best that science can offer.

Key findings and team learning from the ‘Envisioning Process’
1. The first round of workshops, which focussed attention on how workshop participants
wanted to experience the NRM planning process, revealed commonalities that contrast
with how the process is currently experienced. All participants wanted an inclusive and
holistic process but the research of the current planning process suggests that this is not
experienced by all.
2. It was possible to implement the envisioning process without explaining its underlying
theoretical foundation in the science of complexity, which is often conceptually
challenging for many people. However, our observation of participants in the process is
that the lack of explanation and understanding may have contributed to their sense of
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confusion because the process is familiar in some respects but also quite different to
more traditional strategic planning processes.
We did not provide the envisioning process as an alternative to traditional strategic
planning but as an additional option that may also assist community engagement. Our
records indicate that the two groups responded differently to this tool as a possible
engagement opportunity which may also be a reflection of the different composition of
the groups. The SAMDB group seemed very interested in its capacity not just to aid
planning and reduce the range of options opened up by the use of LFAT, but also as a
way of catalysing change at the grass roots level. The interest on EP was much more
‘technically’ focussed on the use of LFAT in the traditional planning process and this may
also have been influenced by the longer time we spent with them employing the process
to examine how people wanted to experience the planning process. We may have
exhausted their patience.
3. We delivered the envisioning process before the LFAT tool partly in response to the time
required to collect data, but also partly influenced by our preconceived idea that the
process would logically flow from ‘envisioning’ (understanding what you want) to
‘understanding the options’ as assisted by LFAT to making decisions. In hindsight
however, it may have been more helpful to both NRM Boards if we had been able to
engage in some awareness raising of the option-generating capacity of LFAT before
engaging in the envisioning process. This would have helped participants understand the
function of the envisioning process – to use the vision as a way of narrowing down the
range of possible futures.
4. The research team suffered, as do many other research teams pursuing engaged
scholarship (Martin, et.al., 2010), from an inability to lay out the entire process to
participants before, or as we commenced, the research. This reflects the very nature of
research. Although the team was clear about what questions we were researching, the
path was unclear. The success factors identified by Martin et.al.’s (2010) literature review
of successful engaged scholarship processes (where research aims to develop a
collaboration with a community to solve real problems) are:
• Relationships/trust
• Vision/clear mission
• Participants in design
• Funding
• Agreed roles and structure
• Measurable outcomes
• Leadership
• Communication/common language
Ironically, our team suffered from a lack of a clear and shared vision for the project. This
was largely a result of our interdisciplinary composition that meant that it took time for us
to develop the shared language and understandings.
Would we do things differently if we had our time again? It is hard to know because the
time constraints imposed by the funding model really precluded the team from taking the
time (perhaps weeks of discussions) to develop the shared understandings of the
context and specific key terms. We learned from each other as we progressed and the
principal researcher held the vision for the team. The feedback and evaluation suggests
the team functioned well with regard to the other facets.
5. Time was a recurrent theme during the research. The funding body, NCCARF, had time
limits imposed on it that were transferred into the research timetable. The research
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partners at EP and SAMDB faced their own planning timetables and time constraints –
and their constituents face their own time constraints. Everyone appears to be short of
time and is unable to devote time, and yet we know that time is required to adapt. It
appears that if we are to make the transformational changes required, somewhere and
somehow, a decision to devote time to the process, to thinking and to learning is
required. The process must be allowed to dictate the time, rather than the time dictating
the process.
6. Stakeholders come to the table with a wide variety of perspectives, practical priorities,
regulatory obligations, subordinate briefs and individual personalities. We found that if
we started by asking questions like "How do we want to experience the planning
process?" or "How do we want to experience our landscape?", then we engaged at a
level that goes beyond political or personality differences. This is a level of deeply seated
values and tells the story of what we really want, not what we'll settle for.
When stakeholders engaged at this level, the envisioning workshops confirmed what
previous research predicted - that there is substantial common ground and that in a cocreated, shared vision of this kind there is a lot more connecting stakeholders than
separating them. If the envisioning process enables participants to operate from and
articulate the level of values, then the analytical mind tends not to intrude at the level of
more superficial differences. The shared vision or story that emerges ultimately gives
rise to Indicators of Progress, which are, themselves, prompts to action. A co-created
vision of 'what we really want' can act to enrich the dynamics of planning and
implementation.
The capacity of the envisioning process to transcend personal or political differences
was clearly demonstrated in the first workshop in Adelaide. The perceived diversity in
personality and agenda had given rise to some pre-workshop apprehension about the
ability to find common ground. In the event, an independent observer, unaware of some
of the potential clashes of personality and political priorities, commented that it had been
impressive to experience the sense of harmony and common purpose produced by the
process.
Recommended process for engaging with NRM boards
The recommended process for engaging with other NRM boards has evolved from the key
issues we faced in engaging with the two pilot NRM boards and lessons we learned in the
process. Importantly, we learned that a one-size-fits-all process or model that reflects a
blueprint for action is unlikely to produce the desired results because of the highly variable
and complex circumstances of each board and community.
The recommended process for engaging that is outlined below (Figure 28). It presents a way
of becoming aware of those circumstances and tailoring or customising the approach for
each board based on principles derived from the understanding of complex adaptive
systems and requirements for adaptive change.
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Figure 28. Diagrammatic representation of an engagement and influencing process that
recognises socio-ecological complexity and the importance of values influencing planning,
decisions and actions.

Key findings, learnings and issues for process design
The above process (Figure 28) reflects the six key findings, learnings and issues that
emerged in the course of the envisioning work:
(a) Raise awareness of LFAT capability
From our experience, and given that a working example of the LFAT using data sets from
SAMDB and EP NRM regions are now available, we suggest starting the process by raising
awareness regarding what LFAT is capable of and how it might be used to aid decision
making.
(b) Willingness to change
Much energy was expended trying to find a ‘hook’ to motivate the NRM boards to engage
with this process – they believed that they had nothing more to learn about the science and
art of planning and were really most interested in the LFAT. This highlights the need to
assess willingness to change, or dissatisfaction with the status quo, before doing anything
else, incorporating insights from Roger’s innovation diffusion curve (Houlder et al., 1999) –
not everyone will be willing at the same time or in the same way. The process needs to
engage its participants at the appropriate level of ‘willingness’ and considerable time and
energy may be invested in this phase of the process.
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(c) Regional locus of control
Local planners’ perceived locus of control vis-à-vis the state planning bureaucracy – the
dynamics of local versus central power – will be one important source of variation between
regions. The process needs to address perceived local constraints or limitations, especially
where regional planners have come to see their task as simply completing a ‘planning’
process (largely divorced from implementation) that meets the requirements of regulation, or
of “the Minister”.
(d) Who represents the regional system?
As this process sets about “bringing the whole system together” 3, attention must be given to
the relationship between regional planners and their local community. Some local
communities will feel well represented by the NRM Board, some will feel mistrustful, some
will feel no connection at all. Consideration must be given to whether the NRM Board, alone,
is the appropriate conduit for community engagement in the planning process. Should other
stakeholder groups be included – e,g, Land Care groups? This is another source of regional
variation that the process needs to accommodate. Further, our research revealed a
tendency towards NRM Boards becoming familiar with working with each other and
preferring it to remain this way, in a sense ‘protecting’ their local communities from engaging
with the hard facts or in the hard decisions. This ‘protection’ is often a dynamic that can be
understood as serving both the protected and those who are willing to accept responsibility
for protecting – but it serves to allow the protected from undertaking the adaptive work that is
required to see new ways of seeing and doing emerge (ASRIS, 2007). The process should
invite and welcome everyone who is willing to participate and this will contribute to it taking
longer, being more contentious and facilitating the adaptive change required.
(e) Capacity Building, Complexity and the Role of Envisioning
Envisioning has the capacity to identify common ground among diverse stakeholders and to
build relationships. This is important in terms of group dynamics and developing a
willingness to collaborate, not only between regional participants, but also with practitioners
contributing expert knowledge – science, farming experience, and indigenous wisdom.
It is critical that the regional planning community develops the capacity to keep the shared
vision present throughout an iterative action learning cycle, both as a means of orientation in
a complex environment and as a guide to future action. The vision provides a cradle within
which the best science (through the LFA) and expert knowledge from other sources can be
integrated in the making of decisions about the future shape of the landscape.
(f) Influencing the Systems of Planning and Implementation
It is apparent that all levels of the planning ‘system’, from state public servants to farmers,
want the planning process experienced in the same way. This common ground
encompasses values such as transparency, participation, respect, honouring different kinds
of knowledge (local, indigenous and scientific) and autonomy to respond to complex biosocio-economic environments. Nevertheless, it is clear that many participants do not
experience planning in this way.
The process of planning and implementation built on and informed by co-created vision is
designed so that it can deliver the experience of these core values to all participants.
The process recommended also provides for capacity building in the form of exposure to
complexity theory and its implications for management and planning. This will influence the
‘structure of the system’, as it raises awareness of existing mental models and deeply held
beliefs and assumptions about how the world operates.

3

Bringing the system together is another principle of change (or response to stimuli) from the study of autopoietic
systems, a subset of complex adaptive systems (Wheatley 1999).
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Core principles to support the process
(a) Envisioning operates as a bridge between science and decision making that can
integrate more than just “the science” – it can bring together and integrate the
contribution from multiple stakeholders with diverse perspectives, and bring to bear
‘wisdom’ from various traditions of knowledge.
(b) One size doesn’t fit all – we must be able to adapt the process to local variations in the
social, political, agricultural and natural landscape. Even the dominant local land use has
an effect on the dynamics of regional planning – e.g. large cropping and grazing holdings
versus smaller horticultural holdings.
(c) The process must reconnect the notions of planning and implementation. Planning must
be seen as part of an integrated process, directed to action on the ground, rather than an
end in itself, ticking the regulatory box.
(d) The role that time plays must be understood and respected. This was the least
anticipated but, perhaps, most important principle to emerge from our work. The adaptive
work demanded by the shift to a fundamentally different way of understanding planning
and implementation in a complex socio-political environment requires time, and a
willingness to devote time. It does not happen overnight. Adaptive work can be
uncomfortable and lack of time can be used (and we witnessed it being used) as a
method of avoiding the adaptive work required.
Time is also required to develop the capacity within NRM boards and their communities
to exercise leadership for change – leadership informed by an understanding of
complexity and emergent change, and open to new ways of working with regional
communities to plan and implement strategically.
Urgency is no substitute for effectiveness. Sufficient time must be built into funded action
research; local processes for capacity building and adaptive change; ministerial/political
expectations in relation to regional planning and implementation.
(e) The existing structure of the broader system and its impact on planning in the regions
cannot be overlooked – it is all interconnected. The organisational structure, hierarchy,
locus of control, and management paradigm all impact upon the ability of local
communities to bring their vision into being and make the changes required. Change at
the regional level requires thoughtful and supportive changes in management. This
includes sensitivity to the balance between state-based policy making and autonomous
regional planning and implementation.
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Adapted future landscapes – from aspiration to implementation1.
The need for climate ready regional NRM plans
Helping regions in Australia plan and implement changes in the way they use land for food and
conservation in the face of changing climate, markets and the interests of communities is important.
This is especially true at the moment, with the Australian Government requiring the development of
regional natural resource management (NRM) plans that are climate ready. Developing and
implementing plans that will improve the condition of soil, water, plants and animals requires good
information and innovative analysis.
Researchers have developed ways of bringing together regional information on soils, water,
vegetation, land use, infrastructure, demographics and economics and then make projections about
possible ways to change what is done where on the land. These tools help people make decisions
about how to adapt land use into the future.

(b)
(a)
Potential distribution of land use in the Eyre Peninsula NRM Region when considering
(a) projected changes in endemic vegetation as the climate becomes warmer and drier and
(b) modelled change in wheat yields across the region as temperature increases (2 C) gets drier (15% less
annual rainfall) and CO2 has increased from the current 390 ppm to 550 ppm.

1

This work is carried out with financial support from the Australian Government (through the Department of Climate Change
and Energy Efficiency and the National Water Commission) and the National Climate Change Adaptation Research Facility.
The views expressed herein are not necessarily the views of the Commonwealth, and the Commonwealth does not accept
responsibility for any information or advice contained herein.
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Previous work has shown that with careful planning it is possible to adapt to changing climate and to
develop land use and economic buffers against the uncertainties of markets and costs in the future.
To achieve this adaptation and buffering will require changes and hence policy incentives to guide
and encourage what needs to be done.

Piloting landscape futures analysis in two South Australian NRM regions
This project will work with two NRM regions – the Eyre Peninsula and the South Australian MurrayDarling Basin to embed a planning and implementation process that is climate change informed and
built on the best evidence of regional natural resource condition and community well being.
The project team will use organisational change processes to develop a high level of awareness of a
regional NRM vision. With this guiding ideal the options for possible future land uses that give the
region the best chance of adapting will be identified using computer based outputs. Maps of current
resource condition and projections of possible future condition will also be generated.
A new software “tool” is to be developed that will allow NRM staff to pose “what if” questions using
regional information and climate change scenarios. Maps will illustrate how the landscape will look
and how it will function. Regional decision makers will be more informed about the effects and
consequences resulting from planned implementation. They can then more reliably assess which
options will be best for their region given the level of bio-physical, social and economic risk they feel
comfortable with.
A process with broader applications
If this process is successful then its application to other NRM regions in Australia is relatively straight
forward. This methodology provides a systematic way of gathering and presenting the information
of what makes up an NRM region, what the condition of the resources are and what options are
possible to guide successful adaptation. It is complementary to and builds on much of the data
gathering that is being done.
With a greater emphasis on processes that develop ownership of the regional NRM vision (“what do
we want our landscape to look like”) there is a much greater chance that regions will have more
successful program implementation. The process leads to better evidence based decision making. It
also provides a way of tracking more and less successful actions that will assist learning and
responsive adaptive management. Regional areas and communities will be more “climate change
ready” and have planning and implementation that is adaptive.
Principal investigator: Prof Wayne Meyer
Project Partners: University of Adelaide, CSIRO Ecosystem Sciences, Eyre Peninsula NRM Board, SA Murray
Darling Basin NRM Board
Project Team: Wayne Meyer, Brett Bryan, Amy Goodman, Megan Lewis, Greg Lyle, Josie McLean, Evelyn
Poole, Mark Siebentritt, John Spoehr, Mark Stanley, David Summers, Sam Wells
Project duration: January 2012 – March 2013

WSM 16Feb2012
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ATTACHMENT 2 - PROJECT OVERVIEW PAPER FOR
COMMUNICATION PURPOSES
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Adapted future landscapes – from aspiration to implementation
A project supported by the National Climate Change Adaptation Research Facility (NCCARF).
Project leader: Prof Wayne Meyer
Project collaborators: University of Adelaide, CSIRO Ecosystem Sciences, SA MDB NRM Region,
Eyre Peninsula NRM Region.

Helping regions in Australia plan for and implement changes in the way we use our land for
food and conservation in the face of changing climate, markets and social requirements is
important. Researchers have developed ways of bringing all the information about a region
together and then making projections about how we might change what we do where on the
land that will help us adapt into the future. It is possible to show that we can adapt well but
this will require changes and hence policy incentives and guidance to guide what we plan to
do.
This new project will work with two natural resource management regions to develop an
experimental implementation process that uses future land use projections and allows
assessment of possible policy and guidance incentives. If the experimental process is
successful then other regions in Australia can be expected to take up the process and use it
in their planning for a better future. This will help regional areas and communities become
more “climate change ready”.
The research team will work with NRM Regional staff at the start of the new round of
planning for the development of a second Regional strategic plan. The intention is to use
the understanding of change processes to develop a high level of awareness of the regional
planning vision. With this guiding ideal the options for possible future land uses that give the
region the best chance of adapting will be identified using computer based outputs that
account for the local conditions. It is expected that this process will generate new ways of
considering the regional NRM investment priorities and their implementation. This process
does not change the need for informed decision making at regional, local and enterprise
levels. It will however provide comprehensive assessment of land use options and the
economic, environmental and social consequences that may result.
Wayne S Meyer
7 Dec 2011
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ATTACHMENT 3 - EYRE PENINSULA NRM REGION PLANNING
REVIEW FINDINGS
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DRAFT REPORT

Adapted Future Landscapes - From Aspiration to Implementation
Review past and current NRM planning
EP NRM focus group workshop
Report for Project Team
Prepared by Christopher Raymond and Mark Stanley

Time:
Venue:

20th April, 2012, 10am to 3pm.
PIRSA Conference Room

Purpose:

To review past and current NRM planning covering:
 Processes
 Tools
 Information/data
 Monitoring and evaluation

Attendees











Prabodh Das, Planning Officer, EP NRM Board. Was responsible for writing part of the
original NRM Plan in 2009;
Jodie Doseigh, current EP NRM Board member (12 months). Chair of the strategy and
planning sub-committee;
Mark Stanley, past deputy GM; now regional facilitator. Involved in compiling the first NRM
plan;
Sophie Keen, Evaluation and Reporting Officer, EP NRM Board. Funded through CFoC. Was
not involved in development of past plan; but is involved in new plan.
Dave Summer, Postdoctoral Research Fellow, CSIRO. Involved in the PSRF Landscape Futures
Analysis in the EP and SAMDB;
Greg Lyle, Postdoctoral Research Fellow, The University of Adelaide. Involved in the PSRF
Landscape Futures Analysis in the EP and SAMDB;
Tony Irvine, inaugural NRM Board member and now member of the Tumby Bay Council.
Involved in developing the first plan. As a consultant, he assisted developing the 2050
climate change plan.
Christopher Raymond, Research Fellow, Australian Workplace Innovation and Social
Research Centre, involved in writing up the review of planning tools and processes.
Wayne Meyer, Professor of Natural Resource Sciences, The University of Adelaide. Chair
and project leader of the NCCARF Future Landscapes project;
Late attendees:
o Evelyn Poole
o Annie Lane
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PROCESS
1.

2.

What was the process used for developing the first integrated NRM plan?
 Set up a strategic committee involving Tony, Brian Foster, Kate Clarke, Mark Stanley, Evelyn
Poole, Jim Pollock and a subcommittee of the NRM Board;
 Difference of opinion between committee and Board members. Board members initially
wanted to set the vision statement, but Tony called for establishment of an operational
environment;
 Decided to engage consultant to write a plan. 10 consultancies submitted a tender. Three
tenders were shortlisted;
 Successful bid was from Parsons Brinckerhoff.
What was the strength of this process? What was its limitations?

Theme
Strengths
Staff morale was high up
until mid 2011

Description



Increased Leadership skills 
Targeted community

consultation
Limitations
Lack of leadership about

the content and structure
of the NRM plan

Tensions between

establishing a plan for
“the region” vs. an

“organisational plan”





HR Consultants were engaged at the right time to address cultural
change;
Up until mid 2011, morale within the NRM Board was very good.
However, morale declined immediately after the centralisation to
DENR. Consequently, there has been a huge turnover of staff;
Board members were placed in a company directors course.
Targeted likely antagonists during the plan community consultation
process – very effective.
Regional NRM Plan finally sits with NRM Council but the NRM
Council could not come up with a template for presenting the plan
and reporting against it;
The NRM Act required the NRM plan to be a regulatory document,
but it did not specify the structure of the plan;
Questions about who was responsible for developing the plan. It
was sold as a plan for the region rather than an organisational plan,
but multiple stakeholders wanted to have an input. Negotiation
therefore became very complex.
In hindsight, the NRM Board prepared a “plan for the Minister”,
but it was not aware of this during the preparation phase;
The NRM plan ‘failed’ because it needed to link to a suite of other
plans, but at the same time it needed to provide credence to the
community;
Natural Resources Committee of Parliament had to sign off on the
plan. That is why it was difficult for the community to see their
linkage to the plan.
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Theme
Long timeframes for
approval of the NRM plan

Unrealistic amount of
statutory requirements
needed to be met
Differing views among
NRM staff about the
purpose of the NRM plan

Description
 The timeframe for approval was so long (5 years). The NRM Board
lost the community along the way;
 The plan was reworded so many times. Afterwards it contained so
much ‘spin’ and had no relevance to the region;
 What came out of meetings was lost really quickly because you had
to meet all these statutory requirements;





Lack of financial and
operational support for
the establishment of
governance processes







Conflicts between
interests of the agency
and interests of the
regional community





Availability of funds drove
NRM actions rather than
strategic direction
Language and capacity
building issues









A lot of NRM staff were focussed on operational requirements and
were unable to understand or appreciate the need for strategy.
Consequently, a lot of staff were lost.
Multiple staff were location based and had difficulty linking into
the “big picture”
Staff originally had no concept of the plan. Tried to put it into
Interplan but many of the strategies did not coincide with
operational activities;
Each board was required under the NRM Act to develop its own
governance processes. DWLBC promised a lot to get governance
processes correct but gave little support;
“The NRM Board started with a blank set of paper with the NRM
Plan”
There was a difference in opinion between DWLBC and AMLR NRM
Board on how to implement the NRM Plan. This created tensions
in other regions;
Some elements of the process of setting up the Boards were
rushed and poorly supported by DWLBC – e.g. policies, job
descriptions, financial systems.
State agency representatives on the Board were stone walling
what the community wants. “Can’t do this and can’t do that”;
NRM Board and business planning became internalised. This is in
contrast to NHT which was community led;
Lack of critical review by Board members and thus lack of
ownership by Board members.
Availability of funds drove investment rather than the direction of
the plan.
Language used in the plan was confusing for the public
Lack of training for staff in using the NRM plan
Tools to support planning and reporting were lacking
Reporting tools were retrofitted to NRM Plan (Interplan)
Local government were (and some still are) very anti NRM – they
just don’t get it!
The NRM legislation very onerous, not enough consultation on
statutory requirements.
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3.

What was the consultation process and how effective was it?

Process:
 All comments by community were captured in a database, and they were entered alongside the
planning officer’s comments and the Board’s response;
 Three months of consultation; 1600 comments, many of which were quite emotive. Those
which related to the plan were presented to the entire Board;
 Individuals were asked to identify importance of goals with sticker dots which were informed by
local knowledge and landholder experience.
Effectiveness:
Theme
Strengths:
Well attended and represented consultation
process

Description
o
 The consultation process was well
attended and well represented. For
example, the following NGOs were
strongly engaged:
o Friends of parks
o CVA
o Conservation Council of SA
o Greening Australia
o WWF
o SA Farmers Federation

Limitations
State of resources plan does not reflect the ‘best 
available’ science

Priority strategies were largely influenced by
local opinion



Partner NRM agencies did not always support
the consultation process.



Continuing change in state of resources
science and general DEH reluctance to
provide up-to-date science;
The state of our resources plan did not drive
the regional NRM plan;
Local representatives were asked to identify
priorities using sticker dots
DEH and PIRSA– no arrangement to provide
data/maps because it was DWLBC’s patch.
DEH and PIRSA requested finances to
provide data/maps but the Board could not
afford to pay for it.
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4.

5.

How was the plan compiled?
 The plan was initially influenced by the interim NRM Plan and then strongly influenced by
DEH;
 Planning fell apart because of change from NHT to CFoC;
 NHT was an annual investment strategy which was strongly peer reviewed. CFoC still had to
address priorities but peer review did not happen well. Caught between developing a plan
for a region for the future and then driven for 1 yr planning for investment;
 Became stuck addressing the next key objectives rather than what was needed for the
region;
 Plan was compiled in an integrated way. Had strategies divided into towns, cities, marine,
land and water. It was difficult to link strategies to activities in 3 focus areas.
What were the timelines?

Date
July 2005
July – Oct 05
Early 2006 –
Apr 2006
Aug 2006
Mar 2007
June 2007
Early 2008

Mid 2008
August – Sept 2008

Sept 2008
Nov 2009 – Feb 2009
March 2009
Apr 2009
May 2009
July 2009

Action
Board met formally for the first time
Committee Formed and regional options paper prepared by RSSA – Hilton
Trigg.
Water Allocation Plan developed and Consulted
Concept statement made by NRM Board. At a similar time, a Catchment
Management Plan was prepared (confusing)
Concept statement was signed off.
Vision statement prepared at Whyalla – facilitated by a Consultant
Tender for consultant to deliver plan
Successful tenderer selected
Stakeholder groups engaged x 10 (facilitated by consultants):
 Specific groups;
 Antagonists
 Staff presentations (x2)
 First draft of the plan developed;
 Board presentations bi-monthly
 Drafting of plan was not well informed by science.
Draft plan announced
Community consultation on draft plan. 6 meetings across the region
Written submission on draft plan to Board
Amended and approved draft plan
Minister endorsed plan for implementation in July 2009
Plan is implemented
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6.

What government processes have been established for the development of the Climate
Ready NRM Plans? What is the current state of the climate ready plan development process
(stream 1) and the research imitative involving the 7 regional clusters (stream 2)




National Corridor Plan is driving NRM planning;
Originates from heads of Australian Government;
Total of $44 Million in the clean energy fund.

Lead Agency
Funding
Purpose
Principles

Possible focus

Stream 1
SOPAC

Stream 2
Dept Climate Change and Energy
Efficiency
$19 Million Nationally
$15 Million Nationally
Develop Climate Ready NRM
Research and information to
Plans
support that plan
Spatially explicit planning, carbon 3 outputs:
in the landscape, community
1) climate change information;
engagement
2) supporting regions to build
their capacity for planning in
context of climate change
3) research gaps across 7
climate clusters
Downscaling / interpretation of
science and capacity building at
regional level??

Key components which will need to be included in the Climate Ready NRM Plan:
 Corridor development in alignment with the National Corridors Plan
 Resilience thinking – how do we understand the thresholds?
o What is a low risk profile? Wentworth process – asset identification.
o What is the region ecologically able to support?
o How close are we getting to a trigger point?
INFORMATION/DATA
7.

What information was sourced to inform the development of the plan? What are the
strengths of this information? What are their limitations?



There is a lot of data out there but we have not used it;
Collect only the relevant data sets to make decisions – don’t collect data that has no
purpose for future decision making.
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TOOLS
8.

What tools were used to inform the development of the plan? What are the strengths of
these tools? What are their limitations?

Process:
 Conducted a program logic model in Board – used to set the management strategy and the
direction of the reporting of the plan;
 State, condition and pressure response model was used;
 If in good position – tick – if bad condition – cross;
 Strengths of model – provides a good way for understanding why conserve, what are the
drivers and what further planning steps are needed.
Weaknesses:
 Did not use the model for implementation of the plan;
 The tool has not been well applied to planning;
 Does not present the method behind how it reports;
 No connection made between the resource condition document and work plans for
individual staff. (Interplan is a reporting tool, not a planning tool);
 Goal was to develop an operational plan which sat underneath the NRM plan, but they used
interplan instead;
 Program logic – tends be input driven. Tried to identify steps but the connection between
resource condition and monitoring, evaluation and reporting is non-existent;
 Reporting on the state of the regional environment has not occurred – meant to be an
annual requirement;
 Communication of the importance of the monitoring among staff is not there;
 Challenge – not to monitor just for outputs, but rather outcomes;
 Outputs have a 5 to 10 year timeline
 Outcomes have a 10 years plus timeline - reflect what how the state of the regions natural
resources have changed has through NRM investment
 Need to address the language of the reporting e.g., the Board supported xyz rather than did
the work;
9.

What functionality would you like to see in the next generation tool to support climate
change adaptation?









Linking of pressure and response model to resource condition and to monitoring, evaluation
and reporting;
A tool which enables reporting against different timelines – i.e., demonstrable change of 2,
5, 10 years and beyond;
The risk for the residents need to considered as a key factor;
Need to have a tool which has an adaptive management approach;
A tool which recognises the capacity to deliver and links this to the targets;
A tool which presents a series of steps toward achieving actions and targets;
Need to have measurable targets which tool can address;
Need to have data which is useful for a specific purpose and/or question;
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Need site-specific implications, e.g., by doing x, that dam will do y, which has relevance to
individual landholders;
How do we get an agreed high priority asset?
Need to consider levies in the tool – need to be clear how levy is used;
How can you develop a tool – prioritise the assets and targets. E.g., have 300 assets, but the
plan over the next 5 years will only focus on 8 of those assets.

10. What types of engagement processes are needed in your region to support the application
of this tool?








We need to start talking about environmental risk, social risk, property risk etc;
Need to understand the hierarchy of engagement – inform, consult and empower. Go out
to consult, but only inform. Need to identify – are we empowering people or just
contributing?
Need to tailor communication, incentives and programs to different interest and influence
groups, whilst agreeing on some common land management objectives at the higher level;
Need to link the social benchmarking to biophysical and economic assessments – i.e., linking
Pannell’s INFERR and Social Benchmarking;
Need to have meaningful consultation, it cannot be tokenistic;
Need to have different products or services for different audiences.

Questions which need to be answered:
 How do you effectively engage the community?
 Individuals don’t believe in NRM. How do you convince people?
 How does the plan relate to the individual???
 People relate to things that happen in their own little patch?
 Is the target written in a way to address it/meet it?
 Should the plan be driven by community perception or scientific facts?
EVALUATION
11. How was the plan received once released?



People have not read the plan. People go straight to the Act rather than the plan if trying to
start development;
The plan was written for the Minister! We should have been up front with the community.
It was sold as a community plan but rather was a ministerial plan.

12. Has the plan been effective in driving NRM change / improvement on the EP or in the SA
MDB?


The plan has only influenced but not driven NRM planning or the Board’s business;

13. What level of ownership does the community / industry / govt have of the plan?
Very little ownership.
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14. What needs to be done better this time? What is being put in place to ensure this?
Future Direction
Description
Create a vision which is owned by the region
 Vision needs to reflect the values and
emotions in the community;
Separate the plan into different components for
 Remove policy document from the plan;
different audiences
 Targeted reports to different audiences;
 Need a version with a different tune for
non-gov audience e.g., a programs plan
for landholders which relates to the plan;
programs for staff which relates to the
plan;
 An interactive document – GIS and
mapping component.
Effective asset identification
 What are the assets, what are the drivers
etc of these assets and how will we plan
for them?
Effective monitoring and evaluation of assets
 How do we know whether targets are
being achieved
Effective communication and engagement
 Need internal and external
strategy
communications strategies for the plan;
 Acceptability of climate change
readinesses is needed before
implementation;
 Need to convert the generality to what it
means to me (i.e., the individual
landholder)?
 We need to translate regional level data
to patch-based interests.
 Need to understand the hierarchy of
engagement;
 Do we need a sector approach to NRM
planning – e.g., sea level rise for coastal
communities?
Focus on resilience and risk
 Risk needs to be better integrated into
future planning
 Use of scenario planning to look at trade
offs, costs, limitations, options – the
fewer the options, the less the resilience
 There is currently too much fog around
climate change projections:
o Misinformation;
o Need a fundamental educational
process;
 What does it mean to the community?
 Take a sectoral approach.

Adapted future landscapes - Attachments

DRAFT REPORT

The future and where to next:




Write up a summary document;
Send out to all people at meeting for comment;
Working with DENR and M&E group (key contact: Brad Page).
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Adapted Future Landscapes - From Aspiration to Implementation
Review past and current NRM planning
SAMDB focus group workshop
Prepared by Christopher Raymond

Time:
Venue:

7th May, 2012, 9 am to 1pm.
Natural Resources Centre, Murray Bridge

Purpose:

To review past and current NRM planning covering:
 Processes
 Tools
 Information/data
 Monitoring and evaluation

Attendees:












Wayne Meyer – Professor of Natural Resource Science
Phil McNamara – EP NRM Planning Team
Greg Lyle – Post-doc, University of Adelaide, Environmental Modelling
Amy Goodman – Manager of planning and evaluation – involved in beginning and end
Alison Wodinski – Planning
Greg Lundstrom – Project officer, climate change, community and energy
Denise Fowles – NRM landscapes
Amy Linke – Monitoring and Evaluation
Rinata Rix –Monitoring and Evaluation.
Mark Siebentritt – project coordination
Karen Parry – part of Amy’s M&E team

Process
1. What was the process used for developing the first integrated NRM plan?
Date
Process
Nov 2006
Development of the concept statement
Beginning of Developed agency working group – representation for all the agencies – met once
2007
per month – from the region and from Adelaide
Jan-June
Development of the strategic framework – five workshops – board members and
2007
groups members. Worked with the stakeholders to identify guiding principles for
NRM decision-making; identified the assets, threats and vision statements. Had five
separate workshops and five different opinions on assets and vision
March 2007 Development of a community engagement strategy – divided strategy into groups
which should be informed, consulted and engaged
Dec 2006 to Review of the existing plans – INRM, catchment, soil board plans, industry plans, LG
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June 2007
April 2007 –
May 2008

Apr 2007 –
May 2008
Nov 2007Nov 2008

June 2007 –
Sept 2008
Sept 2008

Feb-Oct
2008
2.

development plans, LAP plan
Development of program logic models to inform the strategy framework
Engage wider community on logic models – 11 workshops across sust inrrigation,
water quality and LG, wet and dry biodiversity – purpose: revisit the planning logic –
what actions do we need to address the vision – what are the foundational actions,
what are the 5,10 and 20 year actions; struggled at the action level – process
bedded down vision, RCT and MAT but struggled with action level – O’Connor NRM
facilitated these – April 07 to May 08
Developed a Technical/targeted working group – put some numbers around the
targets – expert panel approach – attempt to engage with agencies
Determined the regions environmental value from a community perspective in
partnership with CSIRO –– surveys and interviews, mapping values
CSIRO investment prioritisation process led by Dr Brett Bryan based on social and
scientific values.
Development of the state of the region report. Originally contracted Schofield and
Robinson to develop but were not happy with the final product. Consequently,
Louise Shappel rewrote it in partnership with agency reps
Commissioned the levy analysis. EconSearch undertook a socioeconomic analysis of
the impact of the levy. Designed for the Board and the minister and the NR
committee of parliament
Developed the regulation and policy framework– animal and plan control, local
government, water affecting activities – policy and guiding principles

What was the strength of this process? What were its limitations?

Theme
Strengths
Good agency contribution

Description

Plan was prepared for the
region



Excellent consultation
process
Strong linkages between
strategic framework and
M&E
Limitations
Limited agency direction
regarding reporting
State agencies do not use
the regional plan to guide
investment










Good rapport with agency staff. Multiple staff contributed to the
plan
The regional plan was prepared for the region and board members.
However, there were some tensions because ultimately it needed
to be signed off by the Minister.
Positive reports from NRM council re. the depth and breadth of
community consultation
A lot of attention paid to the development of M&E frameworks to
support the monitoring and evaluation of RCTs and MATs
presented in the strategic framework
Limited direction from the state agencies regarding the format of
the state of the region report
The state agencies do not consult the regional NRM plan when
making investment decisions. Main reasons - State NRM Plan did
not have the status of their own corporate plan; no funding was
assigned to the implementation of the State NRM Plan and no
commitment to public reporting on the State NRM plan
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Limited agency
engagement in plan
evaluation
Program logic challenges






Trust and general Board
member acceptance of
the environmental
modelling





















However, NRM Act noted that a link needed to be made between
the state NRM plan and regional NRM plan
Low agency engagement with the annual evaluation of the regional
NRM plan (investment plan) e.e., had difficult access the level of
agency investment in a particular target.
Had to renegotiate each outcome with the state agency
Different understandings on how to build a logic model.
Associated philosophical differences on the notion of biodiversity
management
Always seeking clarification of the connects between State NRM
Plan and regional NRM plan
A lot of effort went into the environmental value program by
CSIRO, and good science presented. However, there were some
issues:
CSIRO project was running late and the business plan was
somewhat compromised.
The political nature of such decisions –horrified the Board –
decision to take money out of one area and put it in another.
Targets were at different levels – some were stretched whereas
others were condensed – the modelling did not account for
differences in scale effects
Lack of trust in the logic that the modelling was using
Interview process – only based on 50 people – how can that be
representative?
Concerns – about the scoring approach – did not have fully costed
and trusted business cases for each MAT– regional reps “throwing
out” numbers
Tool did not allow the Board to partially invest in decisions
People did not understand how the
model worked – costings were undertaken in a bit of a “vacuum”
EV process did not effectively translate the strategic framework
into a business plan. Whilst the business plan is revisited each year
(annual review)– it is a rolling investment – anything substantial
change – requires full consultation .
The model – said – don’t invest in pest-plants and animals and
don’t invest in wetland management and don’t invest in capacity
building – politically the Board could not invest in it. Needed a
heap more effort in the Board trusting the models and the data
which underpinned it.
So much went into strategic planning, and so little went into
decision making re. investment.
Inertia between what the board thinks and what the staff values
re. Management
Business plan did not comment on the strategic priorities of the
board
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3.

How was the plan compiled?
 It was compiled mainly by the NRM Board staff.

4.

What was the consultation process and how effective was it with:
a. NRM Board members
b. Board staff
c. Local government
d. Industry-fishing, farming, education, tourism
e. Conservation / Environmental NGO’s
f. General community
g. Community groups with a stake in NRM
h. State Govt agencies
i. Australian Govt



Survey of regional community re. consultation process. Only got 24 responses from 274
responses – re. survey about the effectiveness of the community engagement. Most people
felt they were somewhat involved (54%) and somewhat effective for them
NRM Council – praised the region in terms of its engagement – both formal and informal
phases – target setting etc.

5) What government processes have been established for the development of the Climate Ready
NRM Plans? What is the current state of the climate ready plan development process (stream 1)
and the research initiative involving the 7 seven regional clusters (stream 2)




There is a push to consistency with the regional NRM plan – but would oppose. Would be
nice to see there is a consistency in the process, not the outcome.
Some discussion – with Meredee – climate scoping plan – NRM plans, cc adaptation
framework, and land use planning.
State will have a position re. plans – uniformed for the regions – DENR will have a model –
but the commonwealth $ will filtered through the states – up to $400k per region – but over
4 years.

Stream 2 – is about cc change project and the data you need to planning


Regions need to continue with process until some sort of decisions are made – then plan
will need to be retrofitted to fit the state position.
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Information/data
5. What information was sourced to inform the development of the plan? What are the
strengths of this information? What are their limitations?





Gaps were missing in data and information re. state of the region report.
Louise engaged agency reps in order to find out better information – often the best
available data was a year old
Used quantitative data wherever possible, story based information (case studies) and
qualitative information
Louise – no barriers to accessing information. The data which she received for state of the
region – same people – targeted planning groups

Tools
6. What tools were used to inform the development of the plan? What are the strengths of these
tools? What are their limitations?






7.

The program logic tool – clear horizons – 2 day training session – planning staff facilitated
training –
Interplan – informed action plan/implementation
Research prospectus and research library – Paul Dalby . During the merge with DENR – it
was lost
Push for a resilience framework – cannot see how it helps at lower level – conceptual not an
implementation framework. Resilience – may be a principle you follow
Can we start from scratch? Key areas need to improve – translation of strategic planning
into implementation – some advantage in having a conceptual model like resilience
What functionality would you like to see in the next generation tool to support prioritisation/
climate change adaptation?

Theme
Functionality
A tool which informs the
state of the region report

Description



A tool which identified
priorities at multiple
scales of management





Balancing priorities and
social acceptability



Translate state of the region report into the target development
stage
Spend more time translating the strategic framework into the
business plan
Identifying priorities for management – decisions about where to
invest at multiple scales of management
Need to identify what combination of assets are more important to
invest in within a particular part of the landscape – issue of scale
How do you manage the scale at which project are undertaken? If
projects are undertaken at the place-based level – different
investment approach than a regional level (politically best
approach).
Need to reach a balance between prioritisation vs. managing
community expectations
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A tool which links the
state of the region to the
strategic framework
A tool which supports
transference



A prioritisation tool



A tool which considers
assets and risks





How do you link RCTs to the state of the region – should the state
of the region be effectively reporting on the RCTs? Can you build a
tool to support that?
Can you build a plan to support transference? E.g., if you are
measuring progress on one target but another sector is doing
something harmful (e.g., how much you plant vs. how much you
clear)
Wayne Meyer - How do you develop a quantitative evidence base
of why you would prioritise an action in one place versus another
place? E.g., better to do it over here because there are more
multiple benefits.
If certain elements of the landscape are at greater risk – how does
that affect our current priorities based upon our current SAMDB
approach?

8.

What types of engagement processes are needed in your region to support the application of
this tool?



What is the interface between the tool and the outputs? Confidence in the modelling done and
engagement with the interface.
Translate model outcomes to real world outcomes (which community can relate to)
Where should we be placing carbon plantings? Where shouldn’t we be placing them?
See as a supporting statement/information to the plan. What resources – available – to
monitor the effectiveness of the investment
Possible to have regional plan supporting documents
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Strategic Framework

Business pLan

State of region
Prioritising
Investment cases
Business cases

Spatial information
Anaysis
Projections
Options
Costs and opportunities

Strategic framework

State of region

Reg/policy framework
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M&E

Business plan

Evaluation
9. How was the plan received once released?




Ok when launched – Barmera
Not much aftermath. Therefore did people really care?
Most of the comment was around the targets. Some people would like the targets to be
different

10. Has the plan been effective in driving NRM change / improvement on the EP or in the SA
MDB?




Yes, we have made change – we may have still made the changes – without the plan
Most people – quite effective – direction for their work (30% effective, 60% somewhat)
40% of community was aware of the plan

11. What level of ownership does the community / industry / govt have of the plan?








Gov = good – but not owned by all state agencies. A lot of involvement/influenced the
process, but they don’t change things in response to the plan.
State agencies have no accountability to the region.
Community ownership of the plan is low. Most rural landholders see the 4 volumes as the
Board’s plan. Not owned by a broader section of the community.
How do we get people involved?
How do you get direction connection and control over it?
Those that said through engagement strategy they were involved – they would have a
reasonable level of ownership. Broader groups = no.
Industry – very difficult to engage in land management

12. What needs to be done better this time? What is being put in place to ensure this?








How do you change the culture re. creating accountability around the State NRM Plan and
regional NRM plan
How do we engage with the DENR corporate plan, the regional NRM plan, the state IVA
framework,
What is ownership with respect to the broader community? Have the community
delivered?
Have Monitoring and Evaluation questions around questions 9-12
The plans play a greater role in directing funding and investment decisions – board, state
agencies, other groups etc.
Does prioritisation just sit in the business plan or the broader strategic framework?
How do you consider broader investment in the modelling tool? Both Board money (1 st
tool) and board and wider money (2nd tool)
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ATTACHMENT 5 - ABOUT OUR ENVISIONING APPROACH
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About our Climate Change Ready approach
(for SA MDB NRM/DENR people)

The context and the focus of our research
Our research, funded by NCCARF and National Water Commission, aims to explore ways
to enable Climate Change planning at regional NRM board level that both builds capacity
within the Boards to attract funding from emerging opportunities (e.g. Carbon Farming
Initiative and Biodiversity Fund within the Clean Energy Futures Program) – and
addresses the issue identified in our conversations with you to date, that
implementation of those plans can often be enhanced. This is all within the context of
needing to develop plans and action on the ground that draws upon, or is informed by,
the best available science we can offer to assist NRM Boards make decisions that will
assist their communities live the lives they really want to live in a future that is likely to
be much different what it is today.
And all the above is within a much broader context that recognizes that the sort of
problem that Climate Change represents is a problem that we do not know how to solve
yet. (If we did, we would have done it already – and clearly, we have not.) That means
that as intelligent people, we are seeking to understand what is working and where
there is potential to improve –and to change what we are doing where we need to, in
order to shape better outcomes than we are currently achieving – all for the greater and
common good.
That does not mean we don't know a lot about the science– we do, although we do not
know and cannot predict exactly what the future will hold. (And no-one throughout all
time has yet mastered that one!) But we can model certain scenarios and the underlying
trends of these scenarios may provide useful information and data to assist NRM Boards
and land managers, make better decisions, to try out various strategies and learn what
works. We can do this, and we have been able to do this for some time, so why is it that
the science does not seem to gain much ‘traction’ in the decision making process? This
question has lead us into another field of research that links to human capacity for
change, types of change and how they take place. The processes of engagement to
liberate change from within people - and so our team has a multi-disciplinary
composition.
The question we (as researchers) are really grappling with now, is how to engage with
decision makers in a way such that decisions made at local, regional and national levels
are most effectively informed or enriched by what the scientific modeling of climate
change can tell us. As we have learned, the answers to this question have led us to
reconsider and explore with you as a pilot region for this research:
1. The nature of the ‘planning process’ and in particular how to plan in a way that
ensures implementation; and
2. The role of research scientists and the way they present information in a way
that is meaningful and useful to decision makers. (Recognizing that the scientific
solution is one that has to be combined and weighed with other concerns of
people living in these regions – science may be considered one of many
stakeholders.)

Within the context of new and emerging opportunities
We know that you already have a NRM strategic plan in place and we are not asking you
to ‘throw that away’. That plan remains and we respect the work and effort that has
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gone into it. And you might consider some of the other, emerging opportunities around
the Clean Energy Futures Program that your region may tap into. These opportunities
are becoming apparent now, and are significant now. Importantly, looking into the
future, we suggest it is highly likely these opportunities will grow even further.
So, is this an opportunity for us to work together to learn more about how to develop a
Climate Change ready plan that may in fact look more like a Carbon Prospectus?
Through that we might also explore the planning and engagement process together to
assist identify what appear to be the most appropriate strategies for your region, assist
make decisions and priorities that are science informed and have them implemented
more fully.
How do we plan when we don't know what the answer is?
As part of exploring how change happens and specifically how we can best enable
science informed decision-making, prioritization and action of possible strategies within
the NRM board, we have tapped into a growing understanding of change that is
emerging both in academic literature and the practice of community engagement.
In some regards this understanding challenges us deeply to ‘unlearn’ some things we
thought we knew – in other ways, our experience with people in other contexts suggests
that this ‘new way’ we are exploring is already ‘known’ as being effective by nearly
everyone. At the heart of this ‘new way’, is the idea that change happens not through
planning and disseminating the plan in well-communicated flyers, but through
conversations between people. And so the notion of a process of engagement emerged
that also recognizes the ‘complexity’ of the problem that climate change represents.
(Both the social and political complexity of people with differing views and values, and
the complexity of the interplay between the natural environment and society.)
The process is ‘content free’ in a sense – it is not designed to disseminate an answer that
has been developed elsewhere. It aims to draw the best of what you already know about
your region, and assist you come together in a way that helps you build relationships
and trust, uses the science and modeling of scenarios in ways that make sense to you all
and develop strategic experiments if you like, to learn what does work for them.
The first phase of our process with you then is to ‘envision’ how you really want to
experience the Climate Change Ready planning process and how you want others to
experience this too. From this vision we can assist you identify the values that are most
important to you and develop some indicators of success that will assist you monitor
your progress towards bringing this vision into being – and may also be teased into a
design brief for the ‘scientific scenario tool’ to reflect how you want to interact with it
and what questions it needs to be able to assist you with.
The scientific modeling part of our team will then develop a brief for this tool and check
it back with you to ensure it is as you want it. Once developed, we will trial it with you,
providing whatever you need in terms of instruction and capacity building to use it for
yourself – and importantly with your local communities. This will involve both
understanding the ‘tool’ and the engagement process which we refer to as envisioning
but includes the values, indicators and idea of strategic experiments.
A bit more about the envisioning and engagement process
The process we want to explore with you, is one where we use the vision story (of a
different nature than you are most likely to be familiar with) as the context for the entire
planning and implementation process. Without going into the conceptual underpinnings
of the process, it has been designed in accordance with principles of the paradigm of
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complexity (or living systems), which are different to the principles underpinning usual
strategic planning process.
The inspiring and aspirational vision story is then ‘unpacked’ to identify values (and we
know that values are also important because they influence how people make decisions
and behave) and then to develop through conversation together, indicators of success.
These indicators take the place of the more common ‘goals or objectives’ which are
more useful when you do know what the answers should be. The indicators you develop
will be useful both to monitor your collective progress towards bringing the vision into
being and also to prompt you to develop areas of focus or ‘strategic experiments’ to try
out and see if they work. You might for example decide to try out incentives for
revegetation in a certain corridor or districts for several years and see how it develops
as carbon trading goes live and prices for carbon float, the international economy
continues on its way and fluctuating commodity prices with different climatic conditions
globally.).
Most importantly we believe the process will bring people along with you. We know this
may be hard to believe given past experiences with consultation processes, and we do
not expect that there will not be moments of frustration and high emotion – but the
process is designed to bring people together – not to identify and amplify differences.
We have experienced that at the level of feeling about what people really want, there is
more that unites than divides.
Conversations or dialogue at this level require the very best of us all and we also
recognize that this process is best undertaken where significant resources are also
provided to build the capacity within communities for this. As a research team, we are
also interested in sharing our thoughts about this and sharing what we have learned
with you so that you might further enhance your community engagement processes to
support the development and implementation (for us planning and implementation are
the same thing) of your Climate Change ready plan.
Josie McLean
Sam Wells
16 May 2012
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ATTACHMENT 6 - SA MDB (KAROONDA) SHARED VISION
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Karoonda shared vision for “how we want to experience the
planning process for (climate) change”
The researchers wrote this vision by listening to and combining all the small table visions that were
shared by participants and recorded during the envisioning process on the 17th May 2012. A smaller
group of participants identified the core messages after lunch on the same day.

We come to the planning process with a straightforwardness and open-mindedness that reflect
underlying trust developed through transparent communication and processes.
We recognise we all share common resources and we have a shared and common interest in the
planning process and the action that flows from it. It is also true that while we have common
interests, we want to retain our individuality too. We want the planning process to be
experienced by as many people as possible and in the process recognise that this will require us
all to be compassionate and be understanding of diverse opinions and perspectives – across
generations, even those in the future. It is possible that this diversity could give rise to
difference and hostility, but we choose instead to focus on what we have in common and to
work together respectfully, calmly, gently and peacefully, enriched by each other’s diverse
views and needs.
Our respect includes respect and appreciation for what has gone before us and a desire to reuse
and recycle whatever is useful from the past.
We also recognise that the process is a journey that people may join at different stages and for
different periods of time – and we will accept what contribution they can make, when they can
make it. The journey itself will not always be a smooth or straight path, and there are many
ways of getting to our common destination – our shared vision – together. It’s really important
that people journey together. We also want to ensure that people are not burned out or over
taxed by the process – that we have a ‘sustainable’ planning process and outcome from the
process.
We want to experience an opening up of opportunities, being creative in the way we work and
bold in the decisions we make. We want everyone involved to have faith in what we are doing
together. We recognise the possibility for fresh beginnings and are optimistic about creating a
better future – we want to make a real difference in our region.
It will be easy to become distracted and we want to remain focussed together – understanding
how we are going to achieve our vision and what we are going to do. We want a shared sense of
direction.
We would like to experience a planning process that is as simple as possible and has enough
structure and purposeful tools that help us work as described above. These tools include access
to sound and trusted science that we will keep questioning and exploring.
Core messages or core values
 Relevant and transparent communication (2 way)
 Everyone is invited
 Consider what motivates action
 Simplicity
 Valuing knowledge from all sources
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Trustworthy

Josie McLean
Sam Wells
29 June 2012
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ATTACHMENT 7 - EYRE PENINSULA SHARED VISION
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Eyre Peninsular shared vision for “how we want to experience
the planning process for climate change”
The researchers wrote this vision by listening to and combining all the small table visions
that were shared by participants and recorded during the envisioning process on the 31st
May 2012. The researchers focussed upon those elements which were about the experience
of the process rather than the process itself. A smaller group of participants identified the
core messages and started working on indicators of progress the following day.

Figure 1 : Summary of vision created by smaller group of participants (1/6/12)

We all come to this planning process with a view of where we want it to take us and we
accept that it will not be easy to get there. We are looking forward and considering our
regional long-term future. We want to hold open the possibilities and we want a sense
of ‘soaring and flying’ on a journey together that really has no beginning or end – both
the planning process and our shared vision for how we want to experience our
landscape will evolve.
We want to experience the planning process in a way that brings the complex diversity
of different industries and people together. We want everyone to enjoy the process to
ensure that a broad range of people engage with it. This may not always be easy as we
acknowledge and respect the diversity of different views and perspectives. We aim to
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have fun while working together (but we know it may also be uncomfortable at times).
We want everyone to feel that they can contribute to and benefit from the process– a
sense that they really own a piece of this process and the outcomes that flow from it.
We also want to liberate people’s enthusiasm and passion and respect all their expertise
and knowledge. We do not want people to feel their time or expertise is being wasted or
dis-respected. We know that seasonal timing is important for some sectors and we will
work with people and industries at a time that respects the demands on them. We will
also go to people, not always expecting them to come to us – thereby demonstrating our
respect for them and their contribution, which may be bound up with their ‘home’
environment.
We need to collaborate so that everyone brings a piece of the jigsaw puzzle to the table
and forms the complete bigger picture – in all its complexity. Everything that people
bring needs to be acknowledged and fitted together. We want people to feel safe and
secure through a process that also holds the space for robust and authentic debate in an
environment where others listen deeply and everyone feels heard and understood. We
do not want people to feel intimidated or marginalised - building as broad an
engagement process as possible will help share responsibility and broaden perspectives.
We want people to experience the various engagement events as being well facilitated in
every sense (including catering!). We know people want to understand why they have
been invited to attend and what is expected of them.
We want to hold ourselves accountable for what we are doing and be able to recognise
and celebrate our progress through the process of planning. We want to feel that the
work is grounded and not ‘airy-fairy’ – that there is a real purpose and important work
being undertaken. We also know that it is an evolutionary process.
As an outcome we want a strong plan for the region – we know that things are complex
but we do not want to over complicate things. We want to balance simplicity with not
losing complexity when it is required to really understand issues.
We want a planning process that people experience as an opportunity to bring everyone
in the community together – to create partnerships and inter-linkages between
stakeholders– a plan that in total is greater than the sum of its parts and is a win-win for
everyone.

Core Messages
The ‘core messages’ represent the key values embedded in the shared vision. Because we
focus on the things we care about, these are ideal starting points from which to develop
indicators to determine how we are progressing and what needs to be done.
Trust – must exist and is central
Language – using a common language everyone can understand
Journey – passionate people working together to embrace the future
Wise Use – of natural resources
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Interlinking – collaboration that recognises interlinking of interests and relationships
Inclusive – of scientific and traditional knowledge, complexity, diversity – creating a safe
environment for robust discussions

Indicators of Progress
The indictors of progress may be used in two ways:
1. To prompt action – as those responsible for the planning process explore
stakeholder engagement, they might use the indictors as a prompt to identify what
to try out e.g new ways of engaging, new types of events for various stakeholders.
The indicators help them to focus their attention on those facets that are most
important to the people they are engaging; and
2. To monitor progress – as the engagement process unfolds, those responsible for the
quality of engagement could review these indicators to assess how effectively they
are bringing the shared vision of the planning process into being.
These two uses of the indictors create a ‘learning cycle’ of action and review for those
responsible for the engagement process and so the indictors (and vision) may evolve with
time as more is learned about what works and what doesn’t.
The indictors below have been collated from the output form the 2 workshops and we have
indicated those, which we think those responsible for the planning, might focus their
attention on (blue) but this decision is best made by those responsible. Through use, we
would expect the more useful indictors to become apparent and the number of indictors to
decrease.
1. Trust – must exist and is central
a. Those that come are willing to participate and want to stay in the
conversation in whatever way they want.
b. We will observe diverse contributors
c. We will see people seeking to understand by listening and asking
questions
d. We will observe that everyone feels they have the opportunity to
participate
e. We will observe an openness to “opposed” and new uses without
“battlelines”

2. Language – using a common language everyone can understand
a. People take care with language and explain (and check for
understanding) technical terms if and only if they must use them
b. Non-technical people participate in the conversation demonstrating that
everyone has understood clearly
c. Facilitators ‘managing’ language used – prompting for ‘translation’
d. Content is tailored to anticipate the audience response – audience feels
that content is relevant (local language, local stories)
e. Presenters stick to essentials and take care of their language – technical
terms only if necessary
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f.

Focus will be on ‘part’ important to the audience without losing a sense
of connectedness

3. Journey - passionate people working together to embrace the future
a. Recognising ‘leverage points’ – involving key influencers in shaping
agenda  purposeful relationship building (Stakeholders are
acknowledged, involved and respected)
4. Wise Use – of natural resources
a. We will hear conversations about ‘wise use’ of natural resources.
b. All parties will appreciate their respective responsibilities and
obligations
c. People informing their decisions and actions with all relevant knowledge
(including Landscape Futures Analysis).
5. Interlinking - collaboration that recognises interlinking of interests and relationships
a. Different voices/perspectives are reflected in the plan that recognise
mutual interests and opportunities (valuing diversity and alert to
synergy)
b. We will observe collaboration of ‘strange bedfellows’
c. Opportunities for different sectors to interlink/collaborate
d. Collaboration that recognises interlinking of interests and relationships
6. Inclusive - of scientific and traditional knowledge, complexity, diversity – creating a safe
environment for robust discussions
a. Willingness to air and explore ‘knowledge’ from diverse sources (e.g.
local, scientific, traditional) and everyone comes away with a sense of
learning something new.
b. Clarity of expectation in regard to the roles of participants in the process
and decision making  clear boundaries
c. General endorsement of the planning process by participants – and of
planning proposals by regional decision makers.
Josie McLean
Sam Wells
23 July 2012
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ATTACHMENT 8 - MILESTONE 2 REPORT
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FROM ASPIRATION TO IMPLEMENTATION

Milestone report 2: Current planning and proposed
process
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Lead Organisation: University of Adelaide
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1
1.1

INTRODUCTION
FROM ASPIRATION TO IMPLEMENTATION – AN NCCARF FUNDED PROJECT

The National Climate Change Adaptation Research Facility (NCCARF) has recently funded the
University of Adelaide, CSIRO Ecosystem Sciences, Eyre Peninsula (EP) NRM Board and SA MurrayDarling Basin (SA MDB) NRM Board to develop a trial NRM planning process. The resultant plan is to
be climate change informed and built on the best evidence of regional natural resource condition
and community well being. This process will be piloted in the EP and SA MDB NRM regions.
The project team will use processes for facilitating collective change - described here as an
envisioning process - to develop a shared sense of how stakeholders should experience the NRM
planning process. With this guiding ideal, options for future land use that give the region the best
chance of adapting will be identified and maps of current resource condition and projections of
possible future condition will also be generated. The envisioning process will occur through a series
of workshops with NRM stakeholders.

1.2

PURPOSE OF THIS REPORT

This represents an interim report on progress with:
 Documenting the current way climate change adaptation planning is undertaken in the NRM
regions; and
 Describe the first elements of a modified planning process that includes local experience,
stakeholder envisioning, identifying indicators of success that reflect the shared vision,
components of resilience based planning from other regions and LFA projections.

1.3

ACTIVITIES TO DATE

The following actions have occurred since commencement of this project:
 Development of a project team and steering committee
 Finalisation of the project work plan
 Development of a Communications and End-user Engagement Plan
 Preparation of a communication flyer
 Held envisioning workshops in Adelaide (27 April 2012) and Karoonda (17 May 2012) and set
the date for the Port Lincoln envisioning workshop (31 May 2012).
 Held meetings to review current and past planning approaches in Port Lincoln (20 April
2012) and Murray Bridge (7 May 2012).
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2

CURRENT CLIMATE CHANGE ADAPTATION PLANNING

Climate change adaptation planning can be approached as a stand alone activity or form part a
broader climate change planning process such as with the development of a climate change action
plan. Alternately, climate change adaptation can be considered as part of business or natural
resource management planning processes of which climate change is one factor to consider amongst
many. In South Australia the latter has predominantly applied with climate change being considered
as one issue for consideration amongst many in developing a natural resource management (NRM)
plan.

2.1

REQUIREMENT TO DEVELOP NRM PLANS

South Australia has 8 NRM Boards that work with communities and the State Government to decide
NRM priorities and develop and implement regional plans. Their key functions are to:
 undertake an active role with respect to the management of natural resources within a
region.
 promote public awareness and understanding of the importance of integrated and
sustainable NRM within its region.
 undertake and support educational initiatives for NRM.
 provide mechanisms to increase the capacity of people to implement programs or to take
other steps to improve the management of natural resources.
 prepare and implement a regional NRM plan in accordance with the Natural Resources
Management Act, 2004.
 keep their NRM plan under review to ensure that the objectives of the Natural Resources
Management Act, 2004 are being achieved.
The South Australian NRM Act 2004 sets out a number of requirements for NRM Plans, including
that:
 a NRM board must prepare and maintain a plan for the purposes of its operations
 a plan must include information of a kind prescribed by the regulations as to:
o the natural resources within the relevant region; and
o the state and condition of the natural resources within the relevant region, and
related trends; and
o environmental, social, economic and practical considerations relating to the use,
management, conservation, protection, improvement and, if relevant, rehabilitation,
of the natural resources within the relevant region; and
o the management of pest species of animals and plants;


a plan must include information about the issues surrounding the management of natural
resources at the regional and local level, including information as to:
o methods for improving the quality or value of natural resources within the relevant
region, and the health of those aspects of the environment that depend on those
natural resources;
o methods for the conservation, use or management of natural resources within the
relevant region;
o action plans to ensure proper stormwater management and flood mitigation; and
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o

arrangements to ensure proper management of wetlands and estuaries, and marine
resources, with particular reference to the relationships between catchment,
wetland, estuarine and marine systems.

The regional NRM plans sit below a State NRM Plan, a draft of which was released on 20 September
2011 for three months consultation. This plan establishes the direction for South Australia in its
management of natural resources and is intended for the use of everyone involved in natural
resources from land managers, community groups and agri-business to local government,
government departments and the eight regional Natural Resources Management Boards. The plan
sets strategic state-wide direction; actions will be expressed at the regional level in regional NRM
plans. This recognises that every region faces different challenges and opportunities and it is at the
regional level that the appropriate decisions are made. The Plan sets goals, indicators, considers
future pressures on resource condition and establishes 14 state-wide targets to guide natural
resources management in the State.
The vision and goals of the State NRM Plan are as follows:
 Vision - Communities caring for the land, water and sea that sustain them
 Goal 1 - People taking responsibility for natural resources and making sound decisions
 Goal 2 - Sustainable production and use of natural resources within limits
 Goal 3 - Improved condition and resilience of the environment
Question: Does our trial process have potential to influence regional NRM plans, the State NRM Plan,
and if the former, at what level? e.g. guiding principles, resource condition targets (the long-term
outcomes sought), management action targets (the medium-term outcomes sought) and the actions
required to achieve these targets.

2.2

REGIONAL NRM PLANS

A region’s NRM Plan includes the vision, goals, guiding principles, resource condition targets (the
long-term outcomes sought), management action targets (the medium-term outcomes sought) and
the actions required to achieve these targets. It also outlines the Plan development process.
In the case of the SA MDB NRM Board's Strategic Framework (2007) a vision, broad 'cross-cutting'
goals and guiding principles for NRM in the Region were proposed based on the equivalent elements
in the State NRM Plan (2006), but with amendments to reflect the regional context. Together, the
vision and goals support the concept of integrated NRM and landscape-scale management in the
Region.
The SA MDB NRM Board's Strategic Framework (2007) also proposed an asset-based structure for
the regional NRM plan that was closely followed throughout its development. As a consequence, the
regional NRM plan is structured according to five asset classes of People, Water, Biodiversity, Land
and Atmosphere, which specifically addresses climate change related matters. For each asset class
an asset vision, long-term outcomes and resource condition targets (RCTs), medium-term outcomes
and management action targets (MATs), and actions were identified.
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The development and documentation of the outcomes, targets and actions—and their interrelationships - was assisted by the use of a program logic approach1 and the participation of a wide
range of stakeholders. Development of the plans follows a number of steps. The steps for the SA
MDB NRM Plan were:
Step 1: Concept Statement
A Concept Statement for the regional NRM plan was released in November 2006 for public
consultation and outlined the Board’s intention to develop a new regional NRM plan under
the NRM Act
Step 2: Strategic framework
The SA MDB NRM Board developed and released a Strategic Framework document for public
information which provided initial direction and impetus to the regional planning process
proposing a vision, goals and set of guiding principles for the regional NRM plan, as well as
the intent to follow an asset-based structure.
Step 3: Program logic and the target-setting process
Initial program logic models for each of the asset classes were developed by the SA MDB
NRM Board in-house. The models were then tested and further refined with key
stakeholders. These models provided the foundation for the development of quantifiable
and timebound targets (RCTs and MATs).
Step 4: Drafting the regional NRM plan
The Strategic Plan was prepared drawing on the significant work undertaken through the
logic development and target-setting processes. Background information on the state and
condition of the Region's natural resources were collated and presented.
Specialist investigations and consultancies were undertaken in the preparation of the
regulatory policies presented in Volume 3: Regulatory and Policy Framework. Of particular
note was the consultation undertaken with all local governments in the Region in regard to
development planning matters.
Prioritisation of investment choices was guided by an innovative study conducted with the
CSIRO Sustainable Ecosystems. This sought to identify priorities for investment, based on
detailed analysis of the SA Murray-Darling Basin community’s values in regard to its natural
resources.
Step 5: Consultation on the draft regional NRM plan
The Natural Resources Management Act 2004 sets out the consultation requirements for a
draft regional NRM plan. Copies of the draft plan were provided to bodies identified under

1

Program logic was used to help design and evaluate plans or programs and aims to record the expected cause
and effect relationships between the components of a plan (e.g. between goals, RCTs, MATs and actions).
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the NRM Act 2004. A communication strategy was prepared to guide the process and ensure
that all regional communities and wider NRM interests were:




aware of the draft regional NRM plan and its implications
aware of all opportunities to comment on the draft
encouraged to contribute their ideas and opinions on its strategic direction and
investment choice.

Over 1,900 comments were received during the formal consultation period and feedback
from this process significantly influenced the finalised regional NRM plan.
Step 6 - Formal adoption of the plan
The South Australian Murray-Darling Basin Natural Resources Management Plan 2009 came
into effect when it was formally adopted by the Minister for the River Murray. At this stage
the Plan became binding on the SA MDB NRM Board (and other NRM Boards) and state
government agencies.

2.3

HOW IS CLIMATE CHANGE DEALT WITH IN THE CURRENT VERSION OF THE NRM PLANS?

Climate change has previously been addressed in NRM Plans through the development of long-term
and intermediate outcomes, associated targets (RCTs and MATs) and the actions required to achieve
the asset vision for each of the natural resource assets of the regional NRM plan, of which
“Atmosphere” was one.
By way of example, the following long-term and intermediate outcomes, associated targets (RCTs
and MATs) and the actions required to achieve the asset vision were described ion the SA MDB NRM
Plan for the Atmosphere asset:
Asset vision - A clean and healthy atmosphere with effective adaptation to climate change
Asset components - Greenhouse gas emissions; carbon pollution mitigation; climate change
adaptation.
Long-term outcomes (RCTs) sought:
A1: Reduce net greenhouse gas emissions
RCT: Reduce greenhouse gas emissions in the SA Murray-Darling Basin by 60% by 2050
A2: NRM in the Region is adaptive to climate variability and climate change
RCT: 100% of natural resource managers incorporating climate change adaptation into their
forward planning or management by 2030
Intermediate outcomes (MATs) and required actions
The following four MATs were developed to help the NRM Board reduce net greenhouse gas
emissions.
A1.1: Promote the uptake of renewable energy by the Region's community and businesses
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MAT: Voluntary renewable energy use at 20% and support for renewable energy generation
in the Region by 2014
Required actions to meet A1.1 are:
 promote renewable energy developments within the Region
 promote energy efficiency strategies within the Region
 promote and raise awareness of demonstration sites
 raise awareness on climate change and mitigation responses
A1.2: Encourage natural resource dependent industries to respond to climate change
challenges
MAT: Natural resource affecting industries adopting climate change sector agreements by
2014
Required actions:
 raise awareness of potential climate change scenarios for natural resource based
industries and potential mitigation responses
 provide climate change awareness and response training and technical support to key
external stakeholders
 promote and raise awareness of industry sector agreements.
A1.3: Demonstrate leadership in energy use efficiency
• MAT: By 2014 increase carbon efficiencies of SA MDB NRM Board vehicle fleet and
buildings by 20% and 10% respectively
Required actions:
 conduct an energy audit of SA MDB NRM Board operations
 develop and implement SA MDB NRM Board carbon neutral plan
 promote and raise awareness of energy efficiency and incentive opportunities.
A1.4: Promote the offset of emissions by carbon sinks with NRM benefits (biodiversity and
salinity)
MAT: Revegetation for future carbon (CO2-e) sequestration of 126,000 tonnes by 2014
Required actions
 identify, evaluate and promote regional carbon sequestration opportunities for the SA
MDB NRM Region
 identify and evaluate carbon trading schemes
 contribute to research on climate change resilient species and planting techniques
 facilitate capacity building activities in relation to carbon sequestration opportunities
 provide incentives for carbon sequestration with NRM benefits
 identify preferred zones for carbon sequestration plantings in development plans
 promote inclusion of environmental plantings in carbon offset markets
 promote practices that increase soil carbon levels.
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3

REVIEW OF PAST PLANNING PROCESSES, TOOLS, DATA AND EVALUATION APPROACHES

The project team held two separate meetings with staff from the South Australian Murray-Darling
Basin NRM Board and the Eyre Peninsula NRM Board on 20 April 2012 and 7 May 2012, respectively,
to review the strengths and weaknesses of the past planning processes and use of tools, data and
evaluation approaches. The same questions were asked at both meetings (Table 1) and full notes
taken from both meetings. A summary of the key findings is provided below.

3.1

SA MDB NRM BOARD

Processes
The SA MDB region NRM plan took approximately 3 years to complete, with work being done on 4
separate volumes (Figure 1) concurrently during the period. The main steps were:













November 2006 - Development of the concept statement
Early 2007 - Developed cross agency working group
January to June 2007 - Development of the strategic framework through five workshops
with board members, staff and NRM groups members.
March 2007 - Development of a community engagement strategy
December 2006 to June 2007 - Review of the existing plans (e.g. INRM, catchment, soil
board plans, LG development plans)
April 2007 to May 2008 - Engage wider community on program logic models through 11
theme based workshops
Apr 2007 to May 2008 - Developed a target working group based on an expert panel
approach
Nov 2007to Nov 2008 - Determined the regions environmental value from a community
perspective in partnership with CSIRO (surveys , interviews, mapping values)
June 2007 to September 2008 - Development of the state of the region report.
September 2008 - Commissioned a levy analysis.
February to October 2008 - Developed the regulation and policy framework
December 2008 to February 2009 – Draft Plan for consultation

I

II

III

IV

State of the
Region
Report

Strategic
Framework

Regulatory
and Policy
Framework

Business
Plan

Figure 1. Volumes of the NRM Plan
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The strengths of the approach were three fold. First, there was a strong state agency contribution
and high level of Board member participation during development of the Strategic Framework.
Second, the consultation process was regarded as being excellent with over 1,000 responses
received on the draft plan. Third, there were strong linkages between the strategic framework and
the monitoring and evaluation framework.
On the other hand, the development of the plan faced at least two major challenges. There was little
guidance from state agencies regarding the format of the state of the region report. Perhaps as a
consequence a large part of the work conducted on this component by a consultant was redone by
the Board. There were also difficulties encountered in the translation of the strategic framework into
prioritised actions in the Business Plan. There was an attempt at this through a project run by CSIRO,
however, this struck a number of hurdles including that the Board did not have trust in the
modelling and the results that were produced were counter to what were commonly held views
about where investment should be directed. It appeared that the Board felt it could not justify
spending funds in the manner directed by the model. The difficulty in translating the strategic
framework into prioritised actions in the business plan appears to have been an ongoing issue since
the plan was adopted and remains an outstanding issue.
There has been limited engagement with the plan by state agencies since its adoption, despite their
strong participation in its development and it is now unclear as to whether the plan actually guides
regional public sector investment in the region at all. A major reason for this is that the State and
regional NRM plans do not have the status of each agency’s corporate plans and furthermore, no
funding was assigned to the implementation of the State NRM Plan. There has also been limited
agency engagement with the annual evaluation of the plan.

Information/data
The state of the region report (one of the volumes of the NRM Plan) required the most data but by
the time the report was complete the data was already one year old. Access to data was relatively

straight forward though and came largely from people already involved with the targeted
planning groups. There was also a recognition that while quantitative data had been used where
available, there was a growing need to use story based information (case studies) and
qualitative information.
Tools
A variety of tools were used through the process of developing the NRM Plan including:



the program logic tool clear horizons which was applied by staff after a 2 day training
session; and
Interplan, which was used to inform action plan development and implementation.
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It was noted that there is a growing push toward resilience thinking, however, it remains
unclear to staff what real value it has at a practical, onground level.
There were strong views expressed by NRM Board staff as to what features and
functionality they would prefer in future tools, including the ability to inform:







the state of the region report and translate this information into the target development
stage in the strategic framework (e.g. RCTs and MATs);
priorities for investment at multiple spatial and temporal scales;
the balance between setting priorities and managing community expectations;
transference i.e. how much you plant versus how much you clear;
development of a quantitative evidence base of why you would prioritise an action in
one place versus another; and
the role risk plays in setting priorities for landscape management.

The group discussed the type of engagement processes that are needed to underpin
application of the tool. This again highlighted the need to build trust in the modelling tool
and support communication of the outputs in a way that the community can relate to e.g.
where should and where should we not be placing carbon plantings?
Evaluation
Evaluation at the time of the release of the plan was qualitative and there was no negative
feedback, suggesting it was either accepted or people had not read it. The limited
comments received were about whether the targets were right.
The plan was viewed as having a positive impact, helping to provide direction for funding
applications. The level of ownership was considered high (but not universally so) amongst
government agencies but low amongst the community and farmers.
With respect to what could be done better next time, there was a desire to learn how to:





3.2

create more accountability around the State NRM Plan and regional NRM plan;
engage with the DENR corporate plan, the regional NRM plan and the state IVA
framework;
improve ownership of the plan amongst the broader community; and
develop and implement the plan so that it plays a greater role in directing funding
and investment decisions in organisations other than the NRM Board.
EYRE PENINSULA NRM BOARD

The Eyre Peninsula region NRM Plan was developed under the direction of a sub-committee
of the EP NRM Board. It guided the development of the plan over the period July 2005 to July
2009 with the following important steps:
 July to October 2005 - Committee formed and regional options paper prepared
 April to August 2006 - Concept statement prepared and approved
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March 2007 - Vision statement prepared with support of a Consultant
June 2007 to Early 2008 - Tendered and appointed a consultant to deliver plan
August to September 2008 - First draft of the plan developed
November 2008 to February 2009 - Community consultation on the draft plan
April 2009 - Amended and approved draft plan
May 2009 - Minister endorsed plan for implementation in July 2009

The planning process occurred at a time when there was high staff morale (i.e. precentralisation of the Board to DENR), the Board members were equipped with increased
leadership skills (e.g. Board members were placed in a company directors course) and
community consultation was undertaken in a targeted way focussing on likely antagonists.
A number of challenges and limitations to the NRM planning process were also identified, including


a lack of guidance about the content and structure of the NRM plan and limited tools to support
planning and reporting (the latter being retrofitted to the plan using Interplan);



tensions between establishing a plan that met the requirements of the NRM Act versus
developing a plan that could drive on ground action in the region. It was “sold” as a plan for the
region rather than an organisational plan, but multiple stakeholders wanted to have input and
the negotiations became very complex.



the long timeframes for approval of the NRM plan (5 years) meant that the NRM Board lost the
community along the way. It was reworded many times and contained too much ‘spin’ as a
result with no relevance to the region;



the unrealistic amount of statutory requirements that needed to be met; and



that the availability of funds drove investment rather than the direction of the plan.

It is understood that NRM plans now also need to engage with the development of Climate Ready
NRM Plans. Key to this will be (a) alignment with the National Corridors Plan (b) resilience thinking
and (c) spatially explicit planning for carbon in the landscape and (d) community engagement.
The consultation process
The consultation process occurred over three months and was well attended from across a broad
range of stakeholders. It yielded over 1600 comments, many of which were quite emotive. Feedback
was captured in a database and entered along with the planning officer’s comments and the Board’s
response. The limitations of the process were that the state of the region plan did not reflect the
‘best available’ science, the priority strategies were largely influenced by local opinion and partner
NRM agencies did not always support the consultation process.
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Information and data
It was recognised that there is a significant amount of data available to inform the development of
the plan but that not all of it was used. Important to future information gathering is the need to
collect only the data relevant to making decisions.
Tools
The NRM Plan was developed using program logic to build the management strategies and

reporting approach and the pressure-state-response framework to understand the drivers
of the plan and to identify what further planning steps were needed.
The weaknesses in the approach were that the model was not used for implementation of
the plan and there was limited connection between the resource condition document and
the work plans for individual staff and monitoring, evaluation and reporting arrangements.
Perhaps as a result reporting on the state of the regional environment has not occurred,
which is meant to be an annual requirement.
The next generation of the tool to support climate change adaptation needs to:
 better link the pressure and response model to resource condition, monitoring,
evaluation and reporting;
 enable reporting against different timelines at which demonstrable change can be
observed (e.g. 2, 5, 10 years and beyond),
 describe the risk to residents of key drivers;
 explain the connection between measurable targets and steps toward achieving actions
that have relevance to individual landholders;
 utilise data that is useful for a specific purpose;
 outline a process for agreeing to high priority assets;
 consider levies and how they are to be used; and
 better prioritise assets and targets.
In considering engagement processes for the next NRM Plan the region needs to start from a better
understanding of risk (e.g. environmental, social, property) and the Board needs to have a

genuine desire to engage stakeholders in development of the plan, based on an
understanding of an engagement framework (e.g. inform, consult and empower). Once
engagement begins communication needs to be tailored to different stakeholders and
should consider how to respect both local knowledge and scientific facts. There was also a
desire to link social benchmarking to biophysical and economic assessments (i.e. linking
Pannell’s INFERR and social benchmarking).
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Evaluation
The Plan has influenced but not driven the work of the EP NRM Board because in the end it was
largely a plan that ticked the boxes required under the NRM Act, but lacked the details needed to
drive real on-ground action.
To develop a plan that drives on-ground action the following is required:









4

a vision and set of assets that are agreed upon by the region’s stakeholders;
the plan must be structured so that different components are written in a way that
different audiences can understand and relate to;
effective monitoring and evaluation of assets;
improved communication and engagement strategy;
greater focus on resilience and risk;
use of scenario planning to look at tradeoffs between different options and the resultant
costs and limitations;
improved information about climate change projections.

REVIEW OF RELEVANT STATE AND FEDERAL INITIATIVES

The aim of this project is to trial and encourage adoption of a modified climate change informed
NRM planning processes. While this requires understanding of changes that may occur to existing
NRM planning processes, consideration must also be given to other Federal and state initiatives that
will influence the planning approach.

4.1

REGIONAL NATURAL RESOURCES MANAGEMENT PLANNING FOR CLIMATE CHANGE FUND

At a national scale, the Australian Government’s Regional Natural Resources Management (NRM)
Planning for Climate Change Fund, an initiative under the Clean Energy Future Plan, will provide
support for regional Natural Resource Management (NRM) organisations to incorporate climate
change mitigation and adaptation components into existing regional NRM plans.
The Regional NRM Planning for Climate Change Fund will fund:
 NRM regions to plan for climate change impacts;
 production of NRM plans in each region to a highly professional, nationally consistent
standard, to guide where biosequestration projects (tree plantings, avoided
deforestation) should be located in the landscape to avoid unintended negative impacts
and maximise carbon co-benefits for biodiversity, water and agricultural production; and
 research and analysis to produce regional level climate change information in the form
of scenarios on regional climate change impacts.
The fund is divided into two streams:
 Stream 1: Will provide $28.9m over five years to support the 56 regional NRM
organisations revise existing regional NRM plans to help identify where in the landscape
adaptation and mitigation activities should be undertaken. This stream will be
administered by the Department of Sustainability, Environment, Water, Population and
Communities (DSEWPC);
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Stream 2: Will provide $15m over five years to support development of regional-level
information in the form of scenarios about the impacts of climate change (water,
temperature, storms) which can be used for medium term regional NRM land use
planning. This stream will be administered by the Department of Climate Change and
Energy Efficiency (DCCEE).

DSEWPC is currently developing a model for the roll out of climate ready NRM plans. This will be
guided by experts on an Advisory Group. It is understood that by identifying where in the landscape
adaptation and mitigation activities should be undertaken, NRM plans will be used to guide where
investment in projects under the Biodiversity Fund and the Land Sector Package in general is
directed.
Question: How will the climate ready NRM planning process influence NRM Plans? Will it be through
influencing guiding principles, resource condition targets (long-term outcomes), management action
targets (medium-term outcomes) and the actions required to achieve these targets? What else is
known about the requirements of this Fund?

4.2

SOUTH AUSTRALIAN GOVERNMENT CLIMATE CHANGE ADAPTATION FRAMEWORK

The project is consistent with targets under the state strategic plan and in particular Target 62 –
“Develop regional climate change adaptation plans in all State Government regions by 2016”. This
project also needs to be consistent with and address the policy direction of the SA Adaptation
Framework (Action Plan for the Climate Change - Adaptation Framework in South Australia 20112014), South Australia’s Greenhouse Strategy (2007-2020) and the broader state-wide context of
climate change vulnerability assessment.
Table 1. Summary of policies, plans and legislation at a federal, state and regional level relevant to this project.

Relevant
policies,
plans and
legislation

Federal

State

Regional

Regional Natural Resources
Management Planning for Climate
Change Fund

South Australia’s
Strategic Plan

NRM Act 2004
requirement to develop
regional NRM Plans

South Australia’s
Adaptation Framework
South Australia’s
Greenhouse Strategy
NRM Act 2004
requirement to develop a
State NRM Plan
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4.3

KEY FINDINGS TO DATE

Review of current NRM Plans, relevant federal and state government policy and meetings with
people involved in development of NRM plans in the SA MDB and EP has revealed a number of key
insights that need to be considered as this project is further refined in the coming months. These are
outlined below. A key point is that the success of an NRM plan is determined not just by how it was
developed from a technical standpoint, it is how the development of the plan is “experienced’ (e.g.
do key stakeholders have trust in the process, do they feel they were consulted, do they have
confidence in the results).
What is a climate change informed NRM Plan? Names like carbon ready, climate ready and climate
changed informed NRM planning are often used interchangeably. Yet this risks confusing projects
that seek to develop climate change informed NRM plans. This must be countered by asking
stakeholders what they mean by “climate change informed” NRM planning and even NRM planning
itself. It remains unclear whether NRM Boards will respond to Federal Government directives to
make NRM plans climate change ready by developing stand alone carbon investment plans or
whether this will be done by modifying the existing plan.
Is the plan for the region, the Minister or the NRM Board? Ultimately there is only one NRM plan
that needs to be prepared per region (with multiple volumes). Yet there is much debate about how
to strike the balance between preparing a plan that meets the requirements of the NRM Act versus
one that is considered relevant and useful to the community and that can drive on-ground action.
There is also a difference between a plan for the region and one for the Board. Understanding
“what” plan is being informed is essential for the relevance of the project outputs.
What part of the planning process are we contributing to? Without timing, a useful product will be
of little use to end users. NRM plans in South Australia are developed under the NRM Act and must
be reviewed every 5 years and re-written every 10 years. The Business Plan is reviewed annually.
Modelling outputs from this project and the envisioning process could be used to directly inform the
strategic review, be used to prepare the annual business plan or only used in the 10 year review of
the NRM Plan. The planning process has been applied in different ways in different regions such that
regions like Adelaide Mt Lofty Ranges NRM has already completed its NRM plan review, EP is using
this project to start the review and the interaction with the SA MDB planning process still needs to
be determined.
How to connect the vision with on-ground action? A common theme for both planning processes
was the challenge encountered in trying to link development of a high level vision with developing
and implementing a more operational business plan. The translation from one to the other appears
to be at the interface of the Strategic Framework and the Business Plan where prioritisation of
actions occurs. This is a difficult step because the actions developed by a broad range of
stakeholders needs to be prioritised by the Board.
Both scientific information and local knowledge have a role to play in informing decisions making.
Most of the methods developed by planners and scientists have a strong scientific basis to them.
Where the results of modelling using scientific data clash with local observations or expectations
there is potential for mistrust in modelling results. Clearly this is difficult to address because local
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anecdotal knowledge can be subjective. Even though this may be the case, recent plans contained
priority strategies that were largely influenced by local opinion and so this must be addressed.
Incorporating local knowledge and qualitative data therefore becomes an important feature of
future landscape scale analyses.
Continued engagement with end users? This project has had a strong focus on end user
engagement as already evidenced by briefings with end users. Based on demand and feedback from
previous meetings, this will now continue with state and federal agencies throughout the duration of
the project. A further result outcome of previous briefings will be the addition of a South Australian
Department of Environment and Natural Resources staff member onto the project steering
committee, in addition to the existing representatives from the two NRM Boards.

5
5.1

THE MODIFIED PLANNING PROCESS
CONTEXT

Natural resource management planning and climate change adaptation planning can both use
scientific data and complex modelling tools to describe future landscape scenarios. These scenarios
can incorporate different future climates, carbon prices, commodity prices and other variables and
weigh up alternate land use management options. The aim of developing these scenarios is to
inform implementation plans and drive on-ground action. However, experience shows that getting
the science right is not enough and that without engagement of key stakeholders on ground action is
unlikely to occur at best, and at worst, stakeholders can be alienated from the process and reject the
science outright. Future land use planning approaches, whether they are designed to support NRM
planning or climate change adaptation planning need to consider how to integrate social science and
biophysical science into the planning process.

5.2

THE APPROACH

The modified planning process, described here as the Adapted Future Landscapes “Approach” brings
together previously separate processes, to establish a new participatory approach to land use
planning that can be used either to inform NRM planning or climate change adaptation planning.
It combines (1) envisioning, which seeks to establish how stakeholders want to experience the
planning process, (2) analysis of the motivation for an organisation to undertake planning, including
the purpose of the planning process and the outcomes and outputs required (3) the Landscape
Futures Analysis method, which combines linear programming optimisation with scenario analysis to
quantify the environmental, economic and social impacts associated with achieving environmental
targets, on a landscape scale.
The starting point for the Approach is a traditional management planning cycle, which forms the
basis of most/all planning approaches (Figure 2a). The planning cycle is encompassed by a process
for community and institutional involvement, which in the case of this Approach is envisioning
(Figure 2b). The integrated planning and community and institutional involvement process is then
periodically informed by technical input from landscape futures analysis (Figure 2c).
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Figure 2. The Approach (a) the management planning cycle with people at the centre, (b)
integrating community and institutional involvement in the planning cycle and (c) technical input
from landscape futures analysis added to planning cycle.
(a)

(b)

(c)
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5.2.1 MOTIVATION AND PURPOSE OF THE PLAN
As illustrated in Figure 2 the core purpose of the plan is to have people affected through
implementing the plan at its core and to have them involved at all appropriate stages of this cyclical
system management process. Developing this conceptual construct helps emphasise what outputs
and outcomes are expected and it highlights that any plan is not done in isolation of previous
experience. It is therefore possible to learn about those actions that worked and those that did not.
Importantly there is the explicit recognition of the critical involvement of different expertise in an
iterative learning and developing process. To be successful, the people responsible for managing
this process need to be aware of the important values that all involved will be looking for. It is highly
unlikely that the desired outcomes of the plan will be fully achieved if those involved don’t
experience a process that is inclusive, straight forward, credible, acknowledging and trustworthy.
There are at least three audiences for establishing the purpose of the plan. There is the team
responsible for developing the plan, which in the case of an NRM Plan is the NRM Board staff and
Board members. Then there are those involved providing process and technical advice and then the
broader stakeholder group who will be initially involved with the envisioning process.
5.2.2 ENVISIONING
Developing a values rich vision
The traditional one-line ‘vision statement’ is analytically developed, handed down ‘from the top’ at
the beginning of a planning process, and progressively left behind as the process unfolds.
Stakeholders are invited to ‘buy in’ to the vision, but it is seen as disconnected from the
plan...”Vision, Mission, Values” are seen as precursors to planning and implementation, but separate
from them.
Envisioning brings together representatives of all the stakeholder groups to co-create a shared vision
and prompt action to bring it into being. Rather than the high-level description of a hypothetical
end-point, the shared vision reflects the things that are most important and that we value most
highly. In other words, it is a story rich with our shared values.
Stakeholders may differ in terms of their individual, operational perspectives, but the values-rich
vision that they create together tells the story of the ‘whole’ and provides a shared, interconnected
context for the whole planning process. In fact, an important outcome of the process is that it brings
people together around shared values, rather than dividing them.

5.2.3 INDICATORS OF PROGRESS
In order to build a bridge from the values-rich vision to action on the ground, participants identify
the ‘core messages’ of their shared vision. Around each core message, a small number of
‘indicators’ of progress are developed in response to the question “What will we observe if we are
making good progress towards bringing our shared vision into being?”
These are lead, not lag, indicators and those identified by participants are often qualitative and
subjective rather than quantitative and objective. Indicators are chosen carefully, with the
knowledge that the indicator, itself, is likely to affect the system that it is designed to monitor. It is
also recognised that an indicator may not be ‘right’ – participants will continually refine or replace
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indicators as they learn about the behaviour of the complex social-ecological system they are
engaged with.
In addition to providing an indication of progress towards realising the co-created vision, indicators
also contribute to the decision-making process that selects strategic pathways for action – if
indicators reflect what we hope to observe as we bring our vision into being, then which actions are
most likely to produce those signs of progress?

5.2.4 LANDSCAPE FUTURES ANALYSIS2
Formalise the envisioning indicators into broad NRM targets
Qualitative indicators developed during the envisioning assess the successful implementation of the
shared values-rich vision about the experience of the planning for climate change adaptation. To link
this to the NRM plan (or climate change adaptation plan) requires another iteration of envisioning,
lead by the NRM Boards with their community stakeholders focussing on the question “How do we
really want to experience living and working in our landscape?” The envisioning follows the same
model outlined above to identify core messages (or key values) embedded in the co-created and
shared vision, and lead discussions to develop indicators of progress for each community. It is at the
point of considering indicators and selecting strategic pathways, that the Landscape Futures Analysis
tool is added to the envisioning approach to shape an approach that integrates both the best of
physical science and community engagement to facilitate on the ground action.
This additional iteration of envisioning (including indicator development) requires capacity building
within the NRM Boards to enable them to engage with their local communities about their
landscapes and use the Landscapes Futures Analysis interactive tool to explore different scenarios.
The process therefore needs to bring together the values indicators with the quantitative measures
that will guide priorities and investment and also be another set of measures of success. The
outcomes are therefore couched in terms of physical actions that are seen to be credible and
sensible and that the people involved trust and respect the decisions that were made. In setting the
priorities for actions within the plan there will be recognition that there needs to be consideration of
indicators of progress with time frames of 20 years and intermediate outcomes with timeframe of 1
to5 years arising from previous and the current regional NRM plans that are required by the State
NRM and Strategic plans. Not all envisioning indicators about the desired future landscape will or
can be mapped into NRM objectives but some will provide broad regional objectives needed for the
next step of pathway analysis. Examples are provided in Table 2.

2

Landscape Futures Analysis provides an assessment of regional and rural land use management options, and
does not extend to marine based systems or consider tradeoffs such as between infrastructure or health.

Interim Report – Current and Proposed Climate Change Adaptation Planning Processes

Adapted future landscapes - Attachments

Page 18

Table 2 Mapping of envisioning indicators to equivalent NRM objectives
Envisioning indicator
NRM objectives
Adaptive, innovative and productive
Support resilient farming systems
landscapes
Protect high value production land
Decrease in soil erosion risk
Native vegetation
Biodiversity
Facilitate changing land use regimes in
response to climate change

Native vegetation re-established in
priority areas
Protect, restore and expand ecosystems
Understand impact on land uses to
climate change

Choosing the land use pathways within the landscape futures analysis – Land, water and biodiversity
objectives
The concept of rural community trajectories, pathways and transitions (Wilson, 2010) to obtain land
uses with multiple benefits (economic, social and environmental) across the landscape provides a
conceptual model for the NRM planning process. Given the current state and stock of resources
which are spatially distributed, a multitude of land use pathways can be used to transition to either
weaker multifunctional landscapes which increase the vulnerability of landscapes, or stronger
multifunctional landscapes which help rural communities flourish. Wilson (2010) suggests that
strong multifunctionality is best understood as pathways that enable the emergence of resilient and
sustainable rural communities. The concept of resilience and pathways to improve it are well suited
to land use change and NRM planning. This concept provides a process that links community
learning with a willingness to take responsibility and ultimately, more control of rural development
pathways. The outcome of this process is rural communities with improved adaptive capacity and
greater resilience (Wilson, 2010).
While the shared vision, indicators and formalised NRM objectives help frame qualitative planning
boundaries, there is a need to understand the impact of different goals and policy options on not
only the landscape but the social-ecological system itself. These questions can be addressed through
computer modelling. Similarly, planning for competing land, water and biodiversity objectives should
take place at a landscape level (a whole of landscape process) but also incorporate and consider
inputs at subregional and local scales. These different scales account for variation within regions and
help identify how alternative pathways interact with this regional variation. Planning for and analysis
of these objectives is dependent on the interaction of a range of factors in this study identified in
land, water, biodiversity and climate change categories (Table 3).
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Table 3.
Category
Land
Water

Categories and factors affecting pathways to NRM objectives
Factor
Commodity and carbon prices, erosion risk, changes to groundwater
Exclusion areas based on state water allocation planning policy, effects
of drainage on quality
Biodiversity
Species and native vegetation extent, connectivity and magnitude of
areas,
Climate change
Projections on impacts of the three categories within the region and
sub-regions
Understanding the range of pathways for a region and its sub-regions is dependent on the current
natural resource base or state of the region. This provides a starting point from which a range of
pathways and alternative land use options can be identified. The viability and potential impacts of
these different pathways can then be examined by identifying short term land use options and how
these may play out in the long term under potential future scenarios (e.g. climate change, market
changes and policy options). Alternatively, the method of backcasting can be used which involves
focussing on future opportunities or constraints to give direction for either planning for or avoiding
certain land use pathways. Analysing the impacts of these future scenarios on potential pathways
identifies their long term viability and significance. Applying these methods helps identify land use
pathways based on possible landscape futures so that ideas and strategies for regional NRM
planning can be discussed with an informed evidence base. Engaging within the community with
these scenarios facilitates an ‘adaptive change process’ that will assist in ‘implementation’ or
decision making at the micro level that forms the emergent strategy at the macro level.

5.3

APPLICATIONS OF THE APPROACH

While envisioning leads to an ongoing engagement process that has general and widespread
application, the landscape futures analysis can provide a range of different outputs that may be of
interest to NRM or climate change adaptation planners. These are as follows:
Establishing the “State of the Region”
Initial investigation of the broad objectives for an NRM or climate change adaptation plan can be
achieved with the use and analysis of baseline spatial datasets. This step utilises spatial data to
describe the state of the region presently and the spatial extent of the past and current on-ground
activities. A spatially based sensitivity analysis provides a “first pass” to prioritise areas based on the
base layer information. This analysis quantifies “where” and “how much” land use change can occur
at the current time to possibly achieve the broader NRM objectives without incorporating
constraints.
Outcome: Maps of priority areas based on sensitivity analysis of single input base data sources.
Summary tables of base layer specific statistics extracted by NRM region and sub region to help
report on the current state of resources. For the user it provides an initial step in understanding the
significance (power) of using spatial data in decision making.
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Targeting short term investment decisions in an NRM business plan
To investigate intermediate outcomes over a 1 – 5 year timeframe a spatially explicit analysis will
integrate base layers of competing resources based on user defined priorities (undertaken in the
state of the region) and factors that affect the adoption of particular land use pathways (Table 3).
For dryland agriculture, spatial priorities can be identified based on land (production, erosion risk,
carbon sequestration), water and biodiversity data layers. Alternative priorities, pathways and
trade-offs can be examined by changing the magnitudes of the interaction factors and NRM
objectives (e.g. % revegetation targets). Output of these priorities provides input into targeting
short term investment decisions in the NRM business plan.
Outcome: Maps of spatial priorities, areas of trade-offs based on a range of interaction factors and
NRM objectives within the current climate. Summary tables of statistics quantifying the trade-offs
extracted by NRM region and sub region. NRM planners to identify a variety of land use pathways.
Impacts of climate change on long term decision making
Spatial modelling of the impacts of climate change can inform longer term planning (e.g. 20-100
years). Scenarios have been developed for the years 2030 (+2˚C, -15% rainfall, 550ppm CO2) and
2070 (+4˚C, -25% rainfall, 750ppm CO2). These scenarios and the landscape futures analysis can be
used to explore land-use trajectories such as changing levels of production or impacts on
biodiversity. Alternative priorities and trade-offs can be identified by changing the magnitude of
interactive factors (Table 3) and NRM objectives (e.g. % revegetation targets).
Outcome: Maps of spatial priorities, areas of trade-offs based on a range of interaction factors and
NRM objectives to the years 2030 and 2070. Summary tables of statistics quantifying the trade-offs
extracted by NRM region and sub region.
Comparisons between the outcomes of the short term and long term decision making – strategic
and tactical options
Spatial and temporal land use prioritisation through landscape futures analysis at the short and long
term decision points provide an illustration of what can be potentially achieved for the identified
NRM objectives. The emergence of potential land use pathways are analysed through this
forecasting method and as an end product provides a visualisation of a desired future for the region.
The incorporation of backcasting can help understand options for achieving this future by connecting
the future to the present by illustrating what land use pathways need to be established.
Undertaking this method can highlight trigger points of land use change in different regions and
understand what can be achieved or what can be avoided. Overlaying these spatial priority layers
provides evidence of long and short term land use continuity which can inform the strategic and
tactical focus of the region.
Outcome: Maps of potential land use pathways for the region based on forecasting (landscape
futures analysis) and backcasting methods. Summary tables of statistics quantifying the trade-offs
extracted by NRM region and sub region.
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ATTACHMENT 9 - LFA TOOL SPECS – PRELIMINARY MEETING
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Adapted Future Landscape – from aspiration to implementation
Background:
Meetings with two NRM regions – planners and decision makers.
EP is open and at the start of their next Plan process. SA MDB is more convinced of the credibility
and suitability of their current plan and is prepared to defend it.
We need different emphases when working with these two regions – EP can make use of LFA to
inform both its next plan iteration and its prioritisation. While SA MDB needs to direct to take
advantage of carbon offsets and needs a carbon ready prospective to provide regional level guidance
on suitable and unsuitable land areas.
The envisioning is about identifying the characteristics of the process to identify how people want to
be engaged. It is not about the content of the “tool” – only with the sense of ownership of any plan.
It is convenient to divide the project activity into two interdependent components – the “processes”
and the “tool content”.
Process characteristics identified from the Karoonda workshop:
The broad outcomes of the envisioning workshops held to date suggest that people want to
“experience” climate change planning in a way that considers:
 Builds trust
 Respects different sources of knowledge (scientific and local)
 Embraces diversity
 Is simple
 Communication is relevant and transparent
The project therefore needs to deliver a process that recognises the strengths and weakness of past
NRM planning approaches and builds on an improved understanding of how people want to
“experience” climate change informed planning.
Content - Prototype scope
Question to be addressed: Where do we direct our carbon sequestration plantings and where not to
plant? Measurements that will be affected:
salinity, stream flow, soil cover, veg cover, ground water, surface water, land values,
opportunity cost, connectivity
Aim is to develop an options paper with questions such as this addressed:
1. what variables (measured values) can/should be varied?
2. what questions do you want to ask?
3. what policy levers do you have?
4. what policy outcomes do you want?
Mark Siebentritt
21 May 2012
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ATTACHMENT 10 - LFA PROCESS ILLUSTRATED
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Environment Institute – Landscape Futures Program

Landscape Futures
– from aspiration to implementation

Defining options to better manage
our landscape resources now,
and for the future

Life Impact The University of Adelaide
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Landscape Futures – from aspiration to implementation

Landscape Futures – what is it and how can it help with regional plans
and NRM operations?

•

Follow on from Climate Change, Communities and Environment project

•

Envisioning develops the story of how people want to experience the process

of developing a plan and its implementation in the region
•

Landscape Futures Analysis helps provide some content for the regional plan

•

What is Landscape Futures Analysis?

– Concept is that assets in the landscape are inter-dependant
– We identify 5 steps from base information about the region through to
costed management options that can help the region adapt
•

Can you identify how the information may be helpful?

•

Who needs to be involved?

•

Are the “indicators of progress” being realised?

Slide 1
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Landscape Futures – from aspiration to implementation

Step 1. Base datasets
Assemble spatial datasets to represent the location of where things are.
These include locations of assets such as roads, towns, native vegetation mostly
held by DEWNR
Measurements at specific locations on climate, soils, biodiversity
Measurements mapped across the region such as rainfall, soils, topography
demographics, remotely sensed measures of vegetation growth and soil
exposure
What is available is highlighted in Eyre Peninsula datasets report

Slide 2
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e.g. Spatial distribution of land uses, roads, towns etc.
Slide 3
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Step 1. Base datasets

Do you think this information is useful in NRM planning/decision making?
Have you used these previously?
How, when and where would you consider using this information set?

Maybe...
Current and past NRM projects - spatial extent of on ground works and asset
management

Slide 4
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Step 2 - 1st stage derivation of base datasets
Refine base dataset to make them application and regionally specific

Conceptually try to use base datasets to:
1.

distinguish and quantify geographic patterns

2.

act as spatial surrogates of landscape attributes

3.

configuration and composition of current assets used to highlight potential
areas where action may or may not take place

Slide 5
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Step 2 - 1st stage derivation of base datasets
1.

Distinguish and identify geographic patterns

Statistical clustering of rainfall datasets to distinguish areas of similar rainfall

Mapped soils reinterpreted and classified to map ‘bucket size’ to be used in crop
simulation modelling

Bucket size

high resolution buckets sizes of a broad extent
Slide 6
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Step 2 - 1st stage derivation of base datasets
2.

Act as spatial surrogates for landscape attributes (e.g. soil clay or soil pH)

Interpretation of spatial information ( topography, soils, climate) to act
as predictive surrogates for species distribution
Mapping of potential areas for native vegetation corridors based on the
geographic pattern of current native vegetation
Solar radiation

Slide 7

Clay

pH

Life Impact The University of Adelaide

Adapted future landscapes - Attachments
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Step 2 - 1st stage derivation of base datasets
3.

Configuration and composition of current assets used to highlight potential
areas where action may or may not take place
Highlight potential areas for native vegetation based on the current
geographic pattern and possible geographic compositions in the future
More area, less fragmentation or
increased connectivity through the
landscape
(landscape ecology metrics)

Exclusion zone of where not to put
trees
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Do you think this information is useful in NRM planning/decision
making?
Have you used these previously?

How, when and where would you consider using this information set?

Slide 9
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Step 3 - Modelling spatial distributions
Used data from Steps 1 and 2 to project and extrapolate over space and time
•

Create models
• Production – e.g. cropping, forest growth etc
• Biodiversity – e.g. species distribution modelling

•

Models require assumptions and generalisations
• Simplification of the real world

•

Calibration and validation is important
• iterative process – refine and reconsider

Check to see if modelling and assumptions used create reliable estimates of the
real world with local data or expert knowledge
Slide 10
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Step 3 - Modelling spatial distributions
Productivity- point based crop simulation model (ASPIM) used to estimate wheat
yields throughout the region. Yields vary depending on local climate and local
soils. The influence of soils is through the “bucket size” – how much water it can
hold.

Slide 11
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Step 3 - Modelling spatial distributions
Estimates of carbon accumulation are modelled with a tree growth (3PGS2)
model that uses inputs of local climate, soils and tree growth characteristics

Slide 12
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Step 3 - Modelling spatial distributions
Biodiversity distribution – spatial distribution of species and spatial surrogates
used to determine current distribution.

Slide 13
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Biodiversity priorities
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Step 3 - Modelling spatial distributions
We can incorporate satellite derived estimates of soil erosion risk
(From Ken Clarke and Megan Lewis at UA)
How exposed a soil is and how long it remains exposed determines the soil
erosion risk
A satellite image (soil exposure index) allows us to determine exposure on a
single date
Imagery is available every 16 days from 2000 to present
Gives a measure of soil erosion risk across space and time
Number of days vulnerable to erosion per year (<50% soil cover) shows which
areas are more vulnerable to erosion
Highlight areas that are more or less exposed than the regional average
...movie...
Slide 15
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Do you think this information is useful in NRM planning/decision
making?
Have you used these previously?

How, when and where would you consider using this information set?

Slide 16
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Step 4 – Including the effects of climate change
Use the models to estimate responses to possible futures with climate change?
What is a scenario?

Steps 1 and 2 datasets are manipulated to reflect climate change scenarios
based on estimates from Intergovernmental Panel on Climate Change (IPCC),
Australian Bureau of Meteorology and CSIRO.
Current: 390ppm CO2
Short term – 10 years: +1 degree, -5% rainfall, 480ppm CO2
Medium term – 2030: +2 degree, -15% rainfall, 550ppm CO2
Long term - 2070: +4 degree, -25% rainfall, 750ppm CO2
Projections are based on conservative estimates of what climate in the region
might be like in the future

Slide 17
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Step 4 – Implications of climate change scenarios
Understand the spatial implications of climate change on regional assets

Change in current productivity, biodiversity distribution, carbon accumulation
from increased temperature and CO2 and reduction in rainfall (can have multiple
futures)
Understand the interaction of global prices on inputs and outputs from current
land uses under a variable climate change (can have multiple futures and prices
levels)
Understand the potential adoptability of new land uses based on new price
interactions under a variable climate change (can have multiple futures, options
and prices levels)

Slide 18
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Time line: 10 years
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Time line : 2030

Slide 20

Life Impact The University of Adelaide

Adapted future landscapes - Attachments

Landscape Futures – from aspiration to implementation

Time line : 2070
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Time line : 2070
Project costs of production
and price for grain
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Landscape Futures – from aspiration to implementation

Not just pretty informative maps- numbers behind for EP regional analysis
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Regional distribution of
$’s generated by growing
biomass at different
prices for carbon
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Biodiversity priority projections
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Do you think this information is useful in NRM planning/decision
making?
Have you used these previously?

How, when and where would you consider using this information set?

Slide 26
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Step 5 - Integration
Step 4 outputs can inform us on the possible arrangement, value and distribution
of regional assets under multiple futures, options and prices
Optimisation process identifies “best for” ...carbon, economics, environment, or
mixture of all [many options are possible]
Interactive approach to set targets – aspirational or imperative
Interactive approach to allocate investment dollars

Quantify the potential trade-offs involved looking for win-win scenarios
Identify options available
Multiple indicators
Multiple land uses

Slide 27
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Example output from optimisation based on economics
Least cost

Conservation
farming

Most cost effective

Deep rooted
perennials
Ecological
restoration

• Changes in:
•
•
•
•

climate,
markets,
community values,
changed opportunities

• How we use the land?
• Where do we do it?

Cost:
-12.1% of agricultural GRP

Cost:
-1.2% of agricultural GRP
Slide 28
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Example of possible land use that would evolve to achieve the best balance
between 7 equally weighted indicators
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Our focus – helping people adapt

People –
Community, groups
Board, institutions

Slide 30

Life Impact The University of Adelaide

Adapted future landscapes - Attachments

Landscape Futures – from aspiration to implementation

The management cycle

People –

Implement

Community, groups
Board, institutions
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Embedding community in the process

People –

Implement

Community, groups
Board, institutions

Community and institutional involvement
Slide 32

Life Impact The University of Adelaide

Adapted future landscapes - Attachments

Landscape Futures – from aspiration to implementation

Embedding community in the process
Indicator of
progress –
what we
observe

People –

Implement

Community, groups
Board, institutions

Community and institutional involvement
Slide 33
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Technical input – landscape futures analysis
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Landscape Futures – from aspiration to implementation

Technical input – landscape futures analysis
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ATTACHMENT 11 - ADAPTED FUTURE LANDSCAPES – TOOL
SPEC AND TRIAL
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Adapted Futures Landscapes – from aspiration to implementation
A 3 step trial that aims to inform investment decisions for the next round of Biodiversity Fund and
Carbon Farming Futures Fund applications
The Project
The Adapted Future Landscapes Approach brings together previously separate processes, to
establish a revised participatory approach to land use planning that can be used to inform NRM
planning and climate change adaptation planning. It combines (1) envisioning, which seeks to
establish how stakeholders want to experience the planning process and the resultant landscape (2)
Landscape Futures Analysis, which combines multi-objective optimisation or indicator selection with
climate and market scenario analysis to quantify the environmental, economic and social impacts
associated with changes in land use and management.
The Trial – What to put where in the landscape?
Objectives
For the first half of 2012, the project team has been collecting information on current and past
planning approaches, better understanding how stakeholders want to experience the planning
process, enhancing the geographic datasets and refining the Landscape Futures Analysis
methodology. This has been used to develop a revised approach to landscape scale planning that we
now want to trial.
The objectives of the trial would be to:
 Provide a useful, visual outcome of future land use options for SA MDB Natural Resources staff
and other participating stakeholders that can be used to inform investment decisions for the
next round of Biodiversity Fund and Carbon Farming Futures Fund applications about “what to
put where?”;
 Assess the effectiveness of the proposed approach, which presents a revised participatory
approach to land use planning;
 Determine how best to incorporate other datasets that the regional staff may currently be using
or compiling (e.g. biodiversity) and assess the best ways to incorporate these into the current
trial or future iterations of the LFA modelling;
 Build capacity in SA MDB Natural Resources staff to be able to run similar processes that involve
use of primary and derived landscape information to inform planning
Participants
The participants should include a mix of SA MDB Natural Resources staff and key stakeholders with
an interest in land use planning and investment. Key stakeholders will ideally be a subset of the
people previously involved in the envisioning workshop held on 17 May in Karoonda. SA MDB
Natural Resources staff should ideally be those who will be involved with future land use planning
processes.
Structure
The trial will be run as a 3 step process as follows:
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Step 1 – What do you want the landscape to look like, how do you want to experience it, what
information can help to plan for future land use? (4-5 hours)
– Overview of process, our objectives and how the 3 objectives fit together
– Use the envisioning process to establish how participants want to experience the landscape
– Discuss available regional information and how to access it – geology, soils, vegetation, land use,
infrastructure, historical climate data (as Geographic Information System (GIS) layers)
– Discuss simple physical indicators that show the distribution around the region – e.g. soil water
holding capacity, rainfall sub-regions, vegetation associations, carbon plantings, soil erosion risk
– Discuss how the base data can be used to generate “derived” data that can inform land use
planning e.g. yield data, species distribution
– Present options for maps for the next session that will inform how to manage for (a) corridors
(b) soil erosion (c) agricultural productivity
– Discuss how we will assess the trial approach by using the indicators developed during the
envisioning workshop
Step 2 – Using geographic information to work out what land use options could go where to
maximise landscape scale agriculture and biodiversity outcomes? (3 hours)
– Recap initial steps from previous meeting
– Model current yields, biodiverse species distribution, amount of carbon accumulated, cost
benefit
– Discuss which land use actions should occur where on the landscape and flag possible
consequences of changed land use
– Identify possible future scenarios of climate, markets and costs. Rerun models with change
scenarios
Step 3 – How effective was the land use planning exercise and what capacity needs to be built to
deliver a similar process? (3 hours)
– Bring modelled information together to identify options that meet regional targets
– Using indicators developed through the envisioning, assess the experience of the planning
process
– Working with SA MDB Natural Resources staff, review the usefulness of the selections about
what land use options should be pursued where on the landscape
– Identify actions for building capacity within NRM Boards so that they are capable of
independently using the process as a whole (i.e. envisioning plus Landscape Futures Analysis)
Outcomes
The process will deliver poster-sized maps describing what land use options could be pursued and
where across the landscape. Maps will be professionally designed and board-mounted to put on
display in high visibility locations (if desired). The intention is to have these maps generated from the
primary spatial (map) data and derived estimates to use for facilitating and focussing SA MDB
Natural Resources staff and community discussion. Piloting of the tool will also demonstrate how
geographic information and scenario analysis can be incorporated into the NRM planning process
and more immediately, provide information useful in guiding applications for the next round of
Biodiversity Fund and Carbon Farming Futures Fund applications.
Mark Siebentritt, Wayne Meyer 30 August 2012
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ATTACHMENT 12 - LFA TOOL DESCRIPTION
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NCCARF Adapted Future Landscapes Project
Landscape futures analysis and NRM planning tool description
1

Introduction

The assessment of a range of possible landscape futures can aid natural resource management (NRM)
planning and support investment decision-making. Informed planning and decision-making is required soon
if Australia’s regions are to adapt to global challenges such as climate change.
Spatially-explicit and quantitative datasets which make up landscape futures analysis are a key information
product for supporting regional planning for adapted futures. Engagement with potential users of this
tool—regional planners and natural resource managers—has revealed that whilst this information is of
great benefit to them, standard forms of communication and delivery are inflexible and form a barrier to its
use in decision-making and planning processes.
This document outlines a software tool which puts landscape futures information into the hands of natural
resource managers and decision-makers for closer investigation and analysis. The tool will be developed
for two NRM regions:
1. Eyre Peninsula (EP)
2. South Australian Murray-Darling Basin (SAMDB)
Both of these regions are dominated by agricultural land use—both are subject to ongoing environmental
degradation—and both will be affected by external drivers such as climate change, policy (e.g. carbon
price), and commodity prices.
The tool will use landscape futures analysis techniques to support regional natural resource management
planning and investment decision-making under a range of climatic, policy, and economic scenarios. In this
initial version, the tool will include demonstration applications focussing on three key NRM planning
issues. It will enable natural resource managers and planners to explore potential options for managing
these three issues given future climate, policy, and economic uncertainties. The three key NRM planning
issues are:
1. Conserving biodiversity—managing remnants and restoring corridors
2. Managing weeds—targeted monitoring of future invasion risk hotspots
3. Storing carbon—finding the best places for carbon plantations
These three demonstration issues also illustrate different approaches to the application of landscape
futures analysis. Conserving biodiversity uses an economic cost-benefit type approach to inform policy such
as targeted incentive schemes under climate change. Managing weeds uses a risk analysis framework to
identify areas at high risk of both agricultural and ecological weed invasion under climate change for
targeting monitoring and management efforts. Storing carbon uses a landscape planning type approach to
identify areas that are suitable (and unsuitable) for carbon plantations subject to satisfying several specific
criteria. Each of the three issues is implemented as a separate interface in the Landscape Futures Analysis
and NRM planning tool. The tool is extensible, as interfaces can be added to address other specific NRM
planning issues as necessary.
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Regional NRM agencies typically have limited access to Geographic Information Systems and limited
capacity for their effective use. Therefore, we propose a web-based solution to communicate information
on landscape futures which is described in detail below.

2

Scenarios

Four climate scenarios are considered:
1. S0 Baseline: Historical climate
2. S1 Mild warming/drying: +1 degree, 5% reduction in rainfall and 480ppm CO2
3. S2 Moderate warming/drying: +2 degrees, 15% reduction in rainfall and 550ppm CO2
4. S3 Severe warming/drying: +4 degrees, 25% reduction in rainfall and 750ppm CO2
Four agricultural commodity price scenarios are considered: 0.5x, 1.0x, 1.5x, and 2.0x 2012 prices for
wheat, wool, and sheep meat.
Four carbon price scenarios are considered: 15, 30, 45, 60 $/t CO2-e.

3

NRM planning issues and interfaces

3.1

Conserving biodiversity—managing remnants and restoring corridors

This interface will support spatial planning for remnant vegetation management and the establishment of
corridors, considering the benefits for biodiversity and economic trade-offs. This interface will enable the
user to integrate landscape futures information with their own knowledge and experience to evaluate
options for managing remnants and establishing corridors. A typical goal would be to identify areas for
management and restoration that minimise the loss to agricultural production, or are achievable within a
given budget. The user can also make investment and allocation decisions that are most robust to future
climate change.
The user needs to be able to visualise the data and orient themselves:


Display underpinning data layers include satellite imagery or aerial photography, remnant
vegetation patches, land use (agriculture, protected areas, etc.), plus some ancillary data (main
roads, towns etc.), water bodies (rivers etc.), floodplain, irrigated agriculture, dryland agriculture
(cleared land), land tenure (public/private)



Overlay the current extent of native vegetation



Overlay individual species habitat suitability layers. There are a few hundred species in each region
and for each species there are four layers—one for each climate change scenario. The user should
be able to select individual species of interest for mapping



Overlay biodiversity benefit layers. These show important remnant areas for management and
important cleared agricultural areas for restoration—these are outputs from Zonation analysis of
species niche modelling and are a key information layer. There will be 4 of these, one for each
climate scenario



Overlay cost layers. These layers are the economic returns to agriculture. One layer for each
combination of agricultural commodity price and climate change scenario
2
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Overlay agricultural production layers. These are layers describing typical production levels for
dryland agriculture in tonnes of wheat per ha, head of sheep per ha etc. One layer for each climate
change scenario



Overlay cost-benefit layers. These are the net present value of the economic returns to
environmental plantings (inc. opportunity cost) divided by the biodiversity benefit score. Lower
values are better. There will be 64 of these layers—one for each combination of carbon price,
commodity price, and climate scenario



Overlay incentive payment cost layers. Incentive payment cost is the likely net cost to government
of an incentive payment required for landholders to switch from agriculture to environmental
plantings. It is calculated as the net present value of environmental plantings minus the NPV of
returns to agriculture.



Overlay cost-benefit and incentive payment cost layers for privately-owned remnant vegetation.
The costs of managing this land are calculated as the opportunity cost associated with sheep
grazing.



Layers for managing remnants and for restoring cleared lands should be able to be overlayed
separately



In all cases, the user should be able to select layers using a dialogue box displaying relevant
scenario combinations

Based on information from the above layers, the user needs to be able to identify, map, analyse, and
compare areas for both managing remnants, and for restoration of cleared agricultural land to create
corridors which link remnants. To do this, the user will need to:


Identify areas of vegetation polygons for management agreements using heads-up digitising on the
screen i.e. private land of high biodiversity benefit and low opportunity cost.



Identify areas of cleared agricultural land for environmental plantings and ecological restoration
using heads-up digitising on the screen i.e. private land of high biodiversity benefit and low
opportunity cost



Dashboard should present aggregate statistics of areas selected, vegetation types, land tenure,
benefit score, opportunity costs of foregone agricultural production, total foregone agricultural
production (i.e. tonnes of wheat, head of sheep), cost-benefit score, total incentive payment
required, and names and potentially the names and contact details of the landowners.



The user should be able to compare several candidate areas for either remnant vegetation
management and/or environmental plantings

Some possible extensions to the conservation corridors interface include:
1. Calculate and display the level of representation of remnant vegetation communities (% of preEuropean extent remaining)
2. Calculate and display selected landscape ecology metrics for remnant vegetation polygons such as
patch size, degree of fragmentation etc.
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3.2

Managing weeds—targeted monitoring of future invasion risk hotspots

This interface will support the targeting of pest plant activities and weed management—including weeds
that affect high-value agricultural enterprises and native ecosystems. A particular focus of this interface will
be the identification of areas that become potential hotspots for weed invasion risk under climate change.
Individual weed species can be analysed or hotspots involving multiple species. We will take a risk
mitigation approach where we combine spatial layers of the likelihood with the consequence of weed
invasion. Likelihood is derived from modelled weed species habitat suitability and dispersal layers such that
the greater the suitability of weed habitat under climate change nearer to known locations—the greater
the likelihood of invasion (Crossman et al. 2011). Consequence is derived from the potential value-at-risk
from weed invasion. For agricultural weeds, the highest consequence are the high-economic-return
agricultural areas. For ecological weeds, the highest consequence are those areas of high-value remnant
patches or those cleared areas that are of high priority for environmental plantings and ecological
restoration (see section 3.1). The risk layer is multiplicative such that high-risk areas are those that have
both a high likelihood and a high consequence.
This interface can enable regional natural resource managers to target investment and effort in specific
areas to address the threat of invasive species to both agricultural and native ecosystems under future
climate change. This will enable the user to target monitoring, management, extension, and the provision
of specific and targeted information to local landholders, farmer groups, community groups, and
conservation agencies.
The user needs to be able to visualise the data and orient themselves:


As for the Conserving Biodiversity interface, this interface must display underpinning data layers
include satellite imagery or aerial photography, remnant vegetation patches, land use (agriculture,
protected areas, etc.), plus some ancillary data (main roads, towns etc.), water bodies (rivers etc.),
floodplain, irrigated agriculture, dryland agriculture (cleared land), land tenure (public/private)



Overlay weed species habitat suitability layers. The user needs to be able to select one or more of
these and overlay them, adjust transparency etc. For each species there will be 4 layers, one for
each climate scenario. Ideally, we would allow the user to select species and then create hotspot
maps for the selected species set and climate scenario (layers may need to be pre-calculated).
There will need to be a distinction between agricultural weeds and ecological weeds, some weeds
may pose a risk to both



Overlay layers of economic returns to agriculture. These layers provide a metric of the agricultural
value-at-risk from weeds (consequence). One layer for each climate change scenario and
agricultural commodity price scenario



Overlay conservation value layers. These layers provide a metric of the ecological value-at-risk from
weeds (consequence). As for the Conserving Biodiversity interface, these are outputs from Zonation
analysis of species niche modelling. This includes both remnant vegetation and cleared agricultural
areas. One layer for each climate change scenario

Based on information from the above layers, the user needs to be able to identify, map, analyse, and
compare areas at risk of weed invasion. To do this, the user will need to:


Calculate risk layers for selected combinations of invasive species



Specify risk thresholds to identify and map areas at high, moderate, or low risk
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Analyse areas at various levels of risk



Dashboard should present aggregate statistics of areas at risk including average risk score, areas of
native ecosystems and agricultural land, land tenure, biodiversity benefit score, economic returns
from agricultural production, total agricultural production (i.e. tonnes of wheat, head of sheep),
and potentially the names and contact details of the landowners in areas of high risk



The user should be able to compare several candidate risk areas for management

3.3

Storing carbon—finding the best places for carbon plantations

This interface will support spatial planning for the reforestation of carbon plantations—monocultures of
fast-growing Eucalyptus species for the sequestration of carbon in biomass. This interface will take a
planning approach akin to the traffic light approach developed for planning the reconfiguration of irrigation
districts (Crossman et al. 2011). It which will consider a number of criteria including:


carbon sequestration potential



land use and land tenure



benefits for mitigating soil erosion



water-sensitive areas



prime agricultural land



fire risk



sensitive biodiversity conservation areas



dryland and river salinity



economic potential and trade-offs



impacts of climate change

This interface will enable the user to integrate landscape futures information with their own knowledge
and experience to evaluate options for locating carbon plantations. A typical goal would be to restrict
carbon plantations to acceptable areas to support planning processes. For example, natural resource
managers may want to identify areas that satisfy some combination of being privately-owned, with higher
carbon sequestration potential, are at risk of wind erosion, do not affect water resources, are not prime
agricultural land, do not preclude future restoration in high biodiversity priority areas, have significant
economic potential, and do all this under a range of possible climate futures.
The user needs to be able to visualise the data and orient themselves:


As for the Conserving Biodiversity interface, display underpinning data layers include satellite
imagery or aerial photography, remnant vegetation patches, land use (agriculture, protected areas,
etc.), plus some ancillary data (main roads, towns etc.), water bodies (rivers etc.), floodplain,
irrigated agriculture, dryland agriculture (cleared land), land tenure (public/private)



Overlay criteria layers. Criteria layers describe the spatial distribution of a selected indicator for
each criteria. As a first cut, these indicator layers could be:
5
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o

carbon sequestration potential*—tonnes of CO2-e sequestered in standing forest biomass
as estimated by 3-PG2

o

land use—land use is the extent of cleared areas under dryland agriculture

o

land tenure—public/private land tenure as per national database held by CSIRO

o

benefits for mitigating soil erosion*—remotely sensed layers from UA or layers developed
under Lower Murray Landscape Futures

o

water-sensitive areas*—water supply catchments or areas of prescribed water resources,
areas of groundwater recharge(?), increased evaportranspiration by reforestation

o

prime agricultural land*—based on modelled wheat yields from APSIM

o

fire risk—proxy of distance from built-up area

o

sensitive biodiversity conservation areas*—high priority areas as modelled using species
climatic niche modelling

o

dryland and river salinity—salinity layers for SAMDB from Lower Murray Landscape
Futures, not sure about EP

o

economic potential and trade-offs+—net economic returns to carbon plantations (net of
agricultural opportunity costs

o

impacts of climate change—inherently considered through variation in various criteria with
climate

* - there are 4 of these, one for each climate scenario
+

- there are 64 of these, one for each climate scenario, carbon price, commodity price combination

The interface will enable the user to explore a range of thresholds for identifying critical areas for each
criteria, such as:


Prime agricultural areas—user can choose the cut-off of 2, 2.5, 3 tonnes of wheat per ha and assess
the impact on the areas identified



Water-sensitive areas—user can explore choosing cut-offs of 1, 2, or 3 ML/ha of increased
evapotranspiration from reforestation in water supply or groundwater recharge areas

Using the thresholded criteria layers, the user needs to overlay and intersect criteria layers, and compare
areas suitable for carbon plantations. To do this, the user will need to:


Use suitable areas to select land parcels



Dashboard needs to present aggregate statistics of suitable areas for each of the criteria. These
metrics include areas under various land tenures, opportunity costs of foregone agricultural
production, total foregone agricultural production (i.e. tonnes of wheat, head of sheep),
biodiversity benefit score, impact on water resources, wind erosion, salinity etc. In addition,
potentially the names and contact details of the landowners could be presented to support
extension and engagement needs.
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4

The user should be able to compare several candidate areas for carbon plantations across multiple
indicators, possibly using graphs

Interface features and functionality

The objective of this tool is to provide a platform that allows the team to deliver derived geographical data
to be accessed by employees in the Eyre Peninsula and South Australian Murray Darling Basin Natural
Resources Management agencies. The software development will incorporate four components:
1. The GIS server platform and application development software
2. Basic GIS functionality
3. Performance measures and comparison
4. User training

4.1

The GIS platform and application development software

The software may be built on an ESRI ArcGIS 10 SP2 web server which is already functioning at the National
Centre for Social Applications of Geographic Information Systems (GSICA). The server enables the creation
and distribution of geospatial web services in order to visualise, manage and undertake spatial analysis of
geographic data.
A costs sharing and licensing arrangement will need to be negotiated before the application is developed.
Microsoft Silverlight may provide a potential development platform. It provides a cross-browser, crossplatform development environment for building and delivering internet applications for the web. The
ArcGIS API for Silverlight enables the integration of ArcGIS server services and capabilities in a Silverlight
application. The software may be created as an ArcGIS API for Microsoft Silverlight based on the ArcGIS
web server. The ArcGIS API for Silverlight allows for:


simple map display and interaction



geospatial functionality beyond simple map display and interaction



creation and display of dynamic (user –inputted) display graphics



execution of geo-processing models for geographic analysis of data

4.2

Basic GIS functionality

The interface will need to include basic GIS functionality including:


Loading of spatial datasets



Simple identification tool



User selection tool



Visualisation tools



Panning and zooming



Exporting of high resolution maps, graphs, and tabular datasets
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Additional information that can be extracted from the spatial datasets that will further help in NRM
decision making and communication strategies



Layer lists identify the number of layers which can be toggled on and off through a check box and a
slider can be adjusted to adjust layer opacity or ability to swipe layers



Scale bar



Show mouse coordinates



A defined map projection



Navigation actions and navigation bar – similar to Google Earth, zoom and movement around map
extent



Attribute query zoom to specific sub region

General GIS tools are also required by the user to interrogate the datasets. These include the ability to:


Identify data values at specific points (Identify tool)



Draw freehand areas – (Graphics Action – redline – Simplify polygon)



Measure distances between two points (measure tool)



Undertake interactive spatial queries to retrieve spatial features or underlying information by using
point, polygon (regional representation), and areas of interest either through shape based or
freehand representations



Undertake queries with distance buffers around points of interest (dynamic buffer distance)



Query spatial datasets without maps



Exporting of maps to a graphical format

4.3

Performance measures and comparison

Non-spatial information describing individual properties of spatial units, through to aggregate statistics and
performance metrics need to be displayed in an effective, clear, uncluttered way. A range of tables and
graphs and maps may be combined for best effect.

4.4

User training

There is a need to facilitate an introduction to the use of spatial information in NRM planning for natural
resource managers. There are two audiences that we need to consider, those that use the interface (NRM
planners) and those that the higher level who need to understand the broader principles involved.
Therefore we have broken the software roll out into two stages.
The first is an interactive introduction to the GIS concepts which will be undertaken with the potential users
(NRM planners) in the initial phases of the software development. These include the use of:


Loading of spatial datasets



Simple identification tool
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User selection tool



Visualisation tools



Panning and zooming



Exporting of high resolution maps and table datasets



Additional information that can be extracted from the spatial datasets that will further help in NRM
decision making and communication strategies

This introduction is required so that the user has an intimate knowledge of the underlying basic processes
used. Changes will be noted at this meeting and refinements made.
At meeting 2 we will take the overarching group through a process where we use the datasets in an NRM
planning context.

Brett Bryan
23 August 2012
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ATTACHMENT 13 - LFA TOOL SPECS EP WORKSHOP
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Landscape Futures Analysis Tool – Summarised notes from workshop
Eyre Peninsula Thursday 18th October, 2012
Biodiversity Conservation:














Potential to include agriculture commodity price in python script
Ability to update data?
Interest in the inclusion of soil data (eg. Available soil water)
Buffer the region
Develop heavy and light versions of the software
o Heavy version for NRM board to develop data/info for light version
o Light version accessed by land holders, farmers and the community
Add bookmark tool
Remove “NCCARF result” from legend
Biodiversity benefit model – Run in python script?
Look into negative ag price values in cost benefit analysis
Take socio-economic scenarios into account? Eg. Biodiversity price/payment
Include measurement tools
Include ability to change layer order

Weed Management:







In add layer option: Weed species, then climate scenario (This could be useful in
adding weed species layers that do not have different layers for climate change
scenarios)
o Include other (non-climate affected) weed species – without climate
scenario checkbox
o Eg. Wild Radish
Range for Ag_AER/Ag_NPV and C_seq_AER/NPV
o Range common between climate scenarios
o Range different for each price scenario
A layer to display both agricultural production (wheat) and grazing
o Show transfer of land from ag to grazing under climate change (?)
Increase scale of modelling
o State wide
o National

Carbon Sequestration:


Different species other than E.cladocalyx?
o E.cladocalyx sub-species modelled not native to EP
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o Use a more endemic species
o NRM board concerns over E.cladocalyx
 Could become a weed if not managed properly
Ag price multiplier of 4.0 x ?

Wrap up session:
Group 1: (in order of preference)
1. - soil moisture capacity (soil data)
- Ecosystem health scenarios
- Different descriptor for agricultural price – gross margin
2. Scale of layers – Higher resolution for property scale analysis
-More input from local NRM
3. Informing decision makers, stakeholders
-Identifying areas where further research is required
Group 2:
1. - Increase in scale
-More cost benefit analysis
2. - Weeds – underlying data, incorporating local data will add value
3. - Education tool
-Planning tool
-Identifying areas for incentive
Group 3:
1. -Communication: Flow charts on how to use, creation of underlying data and
results
2. -Updatability of layers
Group 4:
1. -Weeds – also include pests and diseases
2. -For farmers to “check” viability of carbon plantings
Additional overall notes:


Convert all layers to integers:
o Ag production – kilograms per year (instead of tonnes)
o Ag price possibly per kilogram

Travis Moon
18 October 2010
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Adapted Future Landscapes – Landscape Futures Analysis Tool
Notes from Workshop – SA MDB 9/11/2012
Here is a summary of the workshop that includes observations regarding technical aspects of the
tool as well as feedback from the participants.

























More colours on species suitability legends (increase from 5 to 10 colours)
Possibility of linking the tool with EMV
Ability for user to change multipliers on the fly (with a slider)
Legends need to display units
Include common and scientific names in native/weed species list
o Use text box instead of list
Expand species to state/national level
Include local climatic data (Trevor Hobbs)
(Check boxes for climate scenarios – This way the user can import multiple files)
Biodiversity benefit layers – Potential Distribution may be misused as Actual Distribution –
this will need to be explained properly
Inclusion of species outside of scope – eg. fire dependant species
Expert input (i.e. “room full of ecologists”):
o Conservation listing as a weighting
o Future development – user chooses own weighting
o Look at work by Sharon Gillam on trend – also Renata Ricks in SAMDB
The user needs to have a good understanding of the limitations
Cost Benefit – Look at scales/data to fix
Make clear the resolution this tool can be used at
Weeds – buffer national parks and include ability to add to analysis
Compare to other weed distribution maps
Weed hotspots – make the same colours as suitability (Green = good etc)
Cost Benefit – cost of weed management vs benefit
Connect with Macquarie University research on emergent weeds (Trevor Hobbs)
(I need to include the ag_prod layers in the Carbon Sequestration module)
SPECIES – E.kochii instead of E.cladocalyx? Increase number of species?
Wind erosion – Change/add colours
Scope to have slider bars on criteria
o Would need to calculate on the fly
o Enable exploration into the weighting of different layers

Travis Moon
9 November 2012
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Landscape Futures Analysis Tool – Actions from workshops

This document summarizes the observations and feedback from workshops held in the Eyre
Peninsula and SAMDB NRM regions. I have attempted to sort actions into data, design and
aspirational categories and list actions to be taken with high priority actions listed first within each
category:








General Data (Moon):
 Finalize all data layers and legends
 Adjust scales to fit data ranges – Adjust colours where necessary
 Legends need to display units
 Lock in file structures and naming conventions (Sensible file names)
Background Science (Summers):
 Comparison with weed distribution maps
 Compare carbon outputs with Trevor Hobbs
 Connect with Macquarie University research on emergent weeds
 Look at work by Sharon Gillam/Renata Ricks
 Cost Benefit of weed management vs benefit
Analytical Capability (Van Gaans):
 Agricultural Management:
 Interest in the inclusion of soil data (Rainfall, temperature and soil type)
 Include Agricultural productivity dimension (0%, 1%, 2% and 3%)
 Carbon module:
 Thresholding of criteria layers
 Overlay of Thresholded layers
 Summarize carbon-ok areas (net returns to carbon plantings, foregone
agricultural production)
 Biodiversity Conservation:
 Species common and scientific names
 Summarize biodiversity benefits, carbon returns and agricultural production
in selected corridor areas
 Weeds:
 Species common and scientific names
 Ability to select multiple weeds in dialogue box
 Ability to sum selected weed habitat suitability layers and create hotspot
maps with symbology High to Low on continuous scale
 Multiply hotspots with Ag Profit and Biodiversity Benefit Layers and create
risk maps with symbology High to Low on continuous scale
Design (Helbers, Van Gaans):
 Common and scientific names in species list – Predictive text in text box?
 Include measurement tools, bookmark tool
 Development of heavy/light versions or additional features for high end
users/restricted features for low end users
 Check boxes for climate scenarios to select multiple layers
1
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Ability to update/add data
Ability to make changes on the fly (eg. insert their own multipliers, adjust
parameters with sliders etc)
 Better ability to adjust drawing order of layers
Feedback/Aspirational:
 Communication of: how to use, creation of underlying data, limitations, resolution
(eg. Flow charts)
 Inclusion of local data (species observations, climate etc)
 More input from local NRM groups
 Inclusion of animals in biodiversity conservation and weeds modules

Brett Bryan, Mark Siebentritt, Travis Moon
14 November 2012

2
Adapted future landscapes - Attachments

ATTACHMENT 16 - SA MDB REGION DATA

Adapted future landscapes - Attachments

South Australian Murray Darling Basin
NRM Region Datasets
March 2010

Adapted future landscapes - Attachments

Project Title: Climate Change, Communities and Environment.
Authors:

David Summers, Sustainable Ecosystems, CSIRO.
Greg Lyle, University of Adelaide.

Affiliations: Key partners of this project are CSIRO, The University of Adelaide and the
South Australian Government through the Department for Environment and Heritage, the
Department of Water, Land and Biodiversity Conservation, Primary Industries and Resources
South Australia, the South Australian Research and Development Institute, the Eyre
Peninsula Natural Resources Management Board and the South Australian Murray Darling
Basin Natural Resources Management Board.
Acknowledgements: This project is supported by the South Australian Government through
the Premier’s Science and Research Fund.

2

Adapted future landscapes - Attachments

Name
SAMDB Demographic Boundaries and Datasets
Census Collection District
Statistical Local Area
Statistical Subdivision
Statistical Division
SAMDB Postal
SAMDB State electoral divisions
SAMDB Commonwealth Electoral Division
SAMDB Local Government Area

Soil Information
APSIM APSOIL Soil sites
DWLBC Soils Data
Digital Atlas of Australia Soils
Australian Soil Resource Information System (ASRIS) (Level 5, Level 4, and Level 3)

Native Vegetation Datasets
Biological Survey of South Australia
National parks and conservation areas
South Australian remnant vegetation
South Australian pre European vegetation

Climate Datasets
ANUCLIM 1.8 BIOCLIM climate datasets
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Custodian

Year

ABS
ABS
ABS
ABS
ABS
ABS
ABS
SA Planning/DEH

2006
2006
2006
2006
2006
2006
2006
2009

APSRU
DWLBC
CSIRO
CSIRO

2009
2007
2001
2010

DEH
NVIS-DEH
DEH
DEH

2010
2008
2004
2000

CSIRO

2000

Name
Water Datasets
Water Bodies
Water Courses
Water Natural Features
Digital Terrain Models
Shuttle Radar Topography Mission 1'sec (30m), 3'sec (90m), 9'sec (250m)
Topography - Contours 50k
Topography - Spot Heights 50k
Land Characterisation Datasets
Agricultural land cover change dataset - land cover themes 1990
IBRA regions and IBRA sub regions
NRM Regions
Land Parcels - Cadastre
Australian Dryland Salinity Assessment
South Australian Dryland Salinity Risk 2000-2050
Radiometric Map of Australia
Other Datasets
Built up Areas
SA Towns
Rail Yards
Railroad
Roads
Town Area
Coast line
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Custodian

Year

DEH
DEH
DEH

2007
2007
2007

DEH/PIRSA/NASA
DEH
DEH

2010
2007
2007

BRS
DEH
DWLBC
DTEI
NLWRA
PIRSA
Geoscience Australia

2000
2008
2007
2010
2001
2001
2009

PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
DTEI
DEH

2008
2008
2008
2008
2008
2008
2008

SAMDB DEMOGRAPHIC BOUNDARIES AND DATASETS
ABS boundaries. The census provides statistical information on the key characteristics of the
population demographic that makes up the SAMDB. The census is carried out on special geographic
areas (spatial units) defined in the Australian Standard Geographical Classification (ASGC)
http://www.abs.gov.au/AUSSTATS/abs@.nsf/lookup/1216.0Contents12005
The ASGC is a hierarchical classification system of geographical areas and consists of a number of
interrelated structures. It provides a common framework of statistical geography and enables the
production of statistics which are comparable. A hierarchy exist for Census data collection with the
smallest unit being the Collector District (CD). CD’s aggregate to form larger spatial units, Statistical
Local Areas (SLA). SLA’s can be made up of one too many CD’s. These are the base units used to
collect and disseminate statistics other than those collected from the Census. SLA’s aggregate
directly to form larger spatial units of Statistical Subdivision (SSD). SSD are a general purpose unit
which encompass one or more SLA’s and do not cross state boundaries. The SSD are aggregated to
Statistical Divisions (SD). SD is a general purpose spatial unit and is the largest and most stable unit
within each state.
ABS Postal Area Concordances. Conversion of data from the ASGC hierarchy to 2006 Postal Areas
(POAs). This population weighted concordance can be used to translate statistics aggregated by SLA
to POA aggregations. Postal Areas are ABS approximations of Australia Post postcodes, created by
allocating whole Collection Districts (CDs) on a 'best fit' basis to postcodes.
State Electoral Divisions. Boundary files containing conversion of data from the 2006 Postal Areas
(POAs) to 2006 State Electoral Divisions (SEDs).
Commonwealth Electoral Divisions. Boundary files containing conversion of data from the 2006
Postal Areas (POAs) to 2007 Commonwealth Electoral Divisions (CEDs).
Local Government Area. This dataset records the location and extent of the local government areas
within South Australia and their relationship to the Cadastre. Local Government Areas are an
administrative theme to the Digital Cadastral DataBase (DCDB). Local Government Areas are under
the control of local governing bodies. The Local Government Authority defines the Local
Government Areas. The data is collected by DEH.

SOIL INFORMATION
Department of Water, Land, Biodiversity Conservation (DWLBC) Soils Data. Spatial data on soil
landscapes which covers Southern South Australia (which includes the whole of the agricultural
districts) at base mapping scales of 1:50,000 or 1:100,000 depending on region. The spatial data is
based on an interpretation of 1:40,000 stereo colour aerial photography and limited field inspection
of landscapes and soil by soil scientists. Soil Landscape Map Unit boundaries were determined after
an integration of field observations and recordings, laboratory analyses, stereoscopic examination of
aerial photographs, understanding of regional landscape processes and stratigraphy, existing soil and
geological mapping data, and an examination of land and soil attributes.
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The aim of the data is supply map, statistics and reports displaying and describing:
 Land and soil attributes within Southern South Australia
 Land surface features affecting land use, land management and productivity
 Limitations/suitability of land and soil for a range of agricultural and other uses
Soil Landscapes - SPATIAL DATA is a spatial dataset of Soil Landscape Map Units (LANSLU). The data
set is to be used in conjunction with Soil Landscapes - MAPPING DATA for the production of land and
soil attribute maps and Soil Landscapes - ANALYSIS DATA for the calculation of land and soil attribute
spatial data statistics. The 'Spatial Data' covers Southern South Australia (including the whole of the
agricultural districts) at base mapping scales of 1:50,000 or 1:100,000 (depending on region - see
below). Soil Landscape Map Unit (LANSLU) codes incorporate a Land System code (first three
characters) and a Soil Landscape Unit code (remaining characters) specific to that Land System. USE:
Used to supply Government, community groups, industry and the general public with up to date
regional, subregional and catchment level land and soil attribute information for Southern South
Australia. AIM: The aim is to produce maps, statistics and reports displaying and describing: · Land
and soil attributes within Southern South Australia · Land surface features affecting land use, land
management and productivity · Limitations / suitability of land and soil for a range of agricultural
and other uses

Australian Soil Resource Information System (ASRIS). Three levels of data were acquired for the
whole of South Australia, Level 5, Level 4 and Level 3. Each is described below. The important
difference between the ASRIS datasets and the South Australian Soil Landscape Data is that in the
ASRIS data soil property variables are continuous where as in the South Australian Soil Landscape
Data the variables are categorical.
Level 5: ASRIS Level 5 Tracts and Land Unit Attribution is a spatial dataset of mapped soil units with
the most detailed attribution of soil properties according to the ASRIS Technical Specification. The
data set is compiled from individual land resource surveys completed over many years using various
methods. The dataset has a spatial scale between 1:50 000 and 1:100 000. This dataset is designed
for catchment management, hydrological modelling, land conservation strategies and infra-structure
planning
Level 4: ASRIS Level 4 Tracts and Land Unit Attribution is a spatial dataset of mapped soil units with
moderate attribution of soil properties but fitting the ASRIS Technical Specification. The dataset is
applicable at a scale of 1:250,000. It includes reconnaissance scale land resource survey, or
summaries of information compiled from level 5 information. This dataset is designed for catchment
planning and to inform catchment scale natural resource policy.
Level 3: ASRIS Level 4 Tracts and Land Unit Attribution is a spatial dataset of mapped soil units with
little attribution of soil properties. The dataset is applicable at a scale of 1:1000 000. It is a regional
scale land resource survey made using landform, regolith materials, age of land surface, water
balance, dominant soil suborder. This dataset is designed for to inform regional scale natural
resource policy.
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Digital Soil Map of Australia. The digital version of the Atlas of Australian Soils was created by NRIC
(National Resource Information Centre) in 1991 from scanned tracings of the published hardcopy
maps (1 - 10), Northcote et al. (1960 – 1968). The Atlas of Australian Soils (Northcote et al, 1960-68)
was compiled by CSIRO in the 1960's to provide a consistent national description of Australia's soils.
It comprises a series of ten maps and associated explanatory notes, compiled by K.H. Northcote and
others. The maps were published at a scale of 1:2,000,000, but the original compilation was at scales
from 1:250,000 to 1:500,000. Mapped units in the Atlas are soil landscapes, usually comprising a
number of soil types. The explanatory notes include descriptions of soils landscapes and component
soils. Soil classification for the Atlas is based on the Factual Key. The Factual Key (Northcote 1979)
was the most widely used soil classification scheme prior to the Australian Soil Classification (Isbell
2002). It dates from 1960 and was essentially based on a set of about 500 profiles largely from
south-eastern Australia. It is a hierarchical scheme with 5 levels, the most detailed of which is the
principal profile form (PPF). Most of the keying attributes are physical soil characteristics, and can be
determined in the field. The “mapunit” code contained within the digital dataset represents and
links to the soil landscapes described in the explanatory notes. (explanatoryNotes.txt).The dominant
and top 5 soils (as PPF classes) listed within the explanatory notes have been estimated from the
text and are also included with this dataset (muppf5.txt). Additional work by various groups has
added some value to the dataset by providing look up tables that link to some interpretations of the
mapping units or dominant soil type (PPF). Some examples of this include:
1. McKenzie, N. J. and Hook, J. (1992). Interpretations of the Atlas of Australian Soils.
Consulting Report to the Environmental Resources Information Network (ERIN). CSIRO
Division of Soils Technical Report 94/1992.
2. McKenzie NJ, Jacquier DW, Ashton LJ and Cresswell HP (2000) Estimation of soil properties
using the Atlas of Australian Soils. CSIRO Land and Water Technical Report 11/00, February
2000.
3. Ashton, L.J. and McKenzie, N.J. (2001) Conversion of the Atlas of Australian Soils to the
Australian Soil Classification, CSIRO Land and Water (unpublished).

NATIVE VEGETATION DATASETS
Estimated Pre-1750 Major Vegetation Subgroups - NVIS Stage 1, Version 3.1. This raster dataset
provides summary information on the distribution of Australia's estimated pre-1750 (pre-European,
pre-clearing, natural) native vegetation. State and Territory vegetation mapping agencies supplied a
new version of the National Vegetation Information System (NVIS) over the first half of 2005. It has a
100 m x 100 m (1 Ha) cell size. This product is derived from a compilation of data collected at
different scales on different dates by different organisations. Gaps in the NVIS database were filled
by non-NVIS data, notably large areas of New South Wales and all of South Australia. The data
represent on-ground dates 2001 to 2004 in South Australia (depending on the region). Sixty-seven
(67) Major Vegetation Subgroups were identified to summarise the type and distribution of
Australia's native vegetation. The classification contains an emphasis on the structural and floristic
composition of the dominant stratum (as with Major Vegetation Groups), but with additional types
7
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identified according to typical shrub or ground layers occurring with a dominant tree or shrub
stratum. In a mapping sense, the groups reflect the dominant vegetation occurring in a map unit
from a mix of several vegetation types. Subdominant vegetation groups which are also present in
the map unit are not shown. For example, the dominant vegetation in an area may be mapped as
dominated by eucalypt open forest with a shrubby understorey, although it contains pockets of
rainforest, shrub land and grassland vegetation as subdominants. A number of other non-vegetation
and non-native vegetation land cover types are also represented as Major Vegetation Subgroups.
These are provided for cartographic purposes, but should not be used for analyses. For background
and other NVIS products, please see the links on
http://www.environment.gov.au/erin/nvis/index.html
Native Vegetation (Floristic). This dataset represents the State Governments key extant native
floristic vegetation mapping layer for SA. It provides floristic and structural information, and/or
presence of native vegetation in South Australia. The data set includes floristic vegetation mapping
datasets produced as part of the Biological Survey of SA program. The descriptions for the
vegetation types are stored in a textual database, the South Australian Vegetation Information
System Database (SAVEG). The database uses the National Vegetation Information System (NVIS)
Framework. Native vegetation data was captured using several data capture techniques, scales,
sensitivities and survey years. In general the native vegetation cover is mapped based on imagery
and field based information for further delineation and attribution to provide floristic vegetation
group information. This dataset has been translated into the NVIS vegetation attribute framework
Version 6.0 enabling integration with national projects. It should not be assumed that this dataset
represents all native vegetation cover present in the State due to the limitations of the mapping
methodology. For more information refer to
http://www.atlas.sa.gov.au/products/veg_map_limitations.html
Protected Areas – NPWS and Conservation Reserve Boundaries. These are the boundaries of land
dedicated to conservation within South Australia. These areas protect both the fauna and flora
species and are a major 'biological reservoir' for the maintenance of species diversity. This data set
provides an accurate location for the legal boundary of reserves dedicated under the National Parks
and Wildlife Act, Wilderness Protection Act and reserves for conservation purposes the under Crown
Lands Act in South Australia.

CLIMATE DATASETS
ANUCLIM 1.8 BIOCLIM climate datasets. Various Anuclim 1.8 BIOCLIM climate datasets. Datasets
pertain to ASRIS study areas. The following BIOCLIM surfaces were generated for the ASRIS project
using ANUCLIM version 1.8:
1. Annual mean temp
2. Mean Diurnal Change
3. Isothermality
4. Temp - Seasonality
5. Max Temp - warmest Period
8
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6. Min Temp - Coldest period
7. Temp Annual Change
12. Annual Precipitation
13. Precipitation of Wettest Period
14. Precipitation of Driest Period
15. Precipitation Seasonality
20. Annual mean radiation
21. Highest Period Radiation
22. Lowest Period Radiation
23. Radiation Seasonality
28. Annual mean moisture Index
29. Highest Period moisture Index
30. Lowest Period moisture Index
31. Moisture Index seasonality
The digital map data is provided in geographical coordinates based on the World Geodetic System
1984 (WGS84) datum. This raster data set has a grid resolution of 0..01 degrees (approximately
equivalent to 1.1 km). The data set is a product of the National Land and Water Resources Audit
(NLWRA) as a base dataset. These surfaces were generated using ANUCLIM version 1.8 and an ASCII
version of the AUSLIG 9 Second DEM. Surfaces have been re-sampled from 0.0025 degree cell size
to 0.01 degree cell size using bilinear interpolation.

WATER DATASETS
Water Bodies. Layer contains natural and constructed water pondage features including; lakes,
wetlands, reservoirs and dams. The layers can be used as a general indication of these features
within the agricultural areas of South Australia. Features were originally captured by analog
photogrammetric techniques based on 1:80 000 scale aerial photography and surveyed ground
control for the standard 1:50 000 mapping program.
Water Natural Features. Data layers include waterholes, springs etc. Larger features represented by
polygons. Can be used as a general indication of these features within the agricultural areas of
South Australia. Features were originally captured by analog photogrammetric techniques based on
1:80 000 scale aerial photography and surveyed ground control for the standard 1:50 000 mapping
program.
Water Courses. Spatial representation (Arcs) of rivers and streams within South Australia including
drainage alignments.
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DIGITAL TERRAIN MODELS
Shuttle Radar Topography Mission. The Shuttle Radar Topography Mission (SRTM) obtained
elevation data on a near-global scale to generate the most complete high-resolution digital
topographic database of Earth. SRTM consisted of a specially modified radar system that flew
onboard the Space Shuttle Endeavour during an 11-day mission in February of 2000. SRTM is an
international project spearheaded by the National Geospatial-Intelligence Agency (NGA), NASA, the
Italian Space Agency (ASI) and the German Aerospace Center (DLR). For Australia, absolute height
error is 6.0 metres, relative height error is 4.7 metres. Resolution outputs available, are 1 arc second
(30 metre), 3 arc seconds (90 metre) and 9 arc seconds (250 metre).
Topography - Contours 50,000. Data layer includes 10 metre contours covering the agricultural
areas of South Australia. Can be used for mapping and modelling the land surface within scale
limitations. Features were originally captured by analog photogrammetric techniques based on 1:80
000 scale aerial photography and surveyed ground control for the standard 1:50 000 mapping
program. The reproduction material was subsequently scanned, the data vectorised and processed
through standard procedures to clean and code the data. The tile based data was processed, edgematched and converted to GIS format.
Topography - Spot Heights 50k. Data layer represents elevation points which have been captured to
record high or low points not indicated by standard contour lines. Can be used as a general
indication of these features within the agricultural areas of South Australia. Features were originally
captured by analog photogrammetric techniques based on 1:80 000 scale aerial photography and
surveyed ground control for the standard 1:50 000 mapping program. The reproduction material
was subsequently scanned, the data vectorised and processed through standard procedures to clean
and code the data. The tile based data was processed, edge-matched and converted to GIS format.

LAND CHARACTERISATION DATASETS
Interim Biogeographic Regionalisation of Australia (IBRA) and IBRA sub regions. Interim
Biogeographic Regionalisation for Australia represents a landscape based approach to classifying the
land surface of Australia across a range of environmental attributes. The Regions have been
developed to assess and plan for the protection of biological diversity. The regionalisation forms a
hierarchy with State based Subregions being grouped to form Regions. The environmental
associations of SA were digitised from the maps as published in reports in 1977 by CSIRO. The
survey approach used was a modified form of integrated reconnaissance survey; refer to
Environments of SA Handbook for more information. Mapping was based on landsat imagery and
involved compilation of existing published research and interpretation of landsat imagery. Field
work was generally limited to checking mapping rather than collection of new data. Two scales were
used for mapping, 1:250 000 in the agricultural region and 1:1 000 000 in the pastoral region and
sparsely populated areas. The boundaries have then been re-interpreted based on IBRA regions
(version 4), satellite imagery, geological data, topographical data and vegetation mapping. The State
border boundaries are based on standard map grid from AUSLIG data updated in Mar 2008. The
coastline is based on DEH coastline data current to 2008 that has been derived from 1:50,000 ortho10
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rectified imagery dated between 2003-2006 and includes offshore islands. As part of version 6.2
within the rangelands the boundaries have been re-interpreted based on the pastoral land system
mapping to replace the revised CSIRO data. This mapping has used landsat imagery, geology and
vegetation data as part of the delineation process.
Natural Resource Management Regions. The Natural Resources Management Boundaries define
the area of responsibility for each of the State's eight NRM Boards. These Boards are responsible for
the planning and management of the region's Natural Resources and will undertake many of the
roles formally performed by the Catchment Water Management Boards, Soil Conservation Boards,
Animal and Plant Control Boards etc. This dataset was constructed by combining existing datasets
such as Catchment Water Management Board and Hundred boundaries. The new boundaries were
repeatedly modified and adjusted until they were topologically coincident with the South Australian
Digital Cadastral Database.
Land Parcel Boundaries. The PARCEL database is a copy of the State's Digital Cadastral Data Base
(DCDB) and is a graphical representation of all the legal land parcel boundaries that exist within
South Australia. It comprises approximately 854,000 land parcels, together with their legal
identifiers. Lots and Units shown in Strata Plans and Community Plans are not included, and can be
accessed from the DCDB - STRATA _PLAN database. The PARCEL database is the fundamental
reference layer for spatial information systems in South Australia. Used for land administration,
mapping and spatial analysis purposes generally. It can be linked to other databases either spatially
or through the parcel identifier. The cadastre was acquired during a four-year period (1984-1988) by
digitising cadastral boundaries from the best available mapping. The scale of the source mapping
ranged from 1:792 in the City of Adelaide to 1:100,000 in rural areas. Most data was captured from
maps at scale 1:2,500 in urban areas (400,000 parcels), and 1:10,000 or 1:50,000 in rural areas and
islands (350,000 parcels) with the remainder in pastoral areas being sourced from Transport SA..
Australia Dryland Salinity Assessment Spatial Data (1:2,500,000) - NLWRA 2001. The maps
represent a compilation of dryland salinity risk and hazard mapping for 2000, 2020 and 2050. The
map shows the broad distribution of areas considered as having either a high salinity risk or a high
salinity hazard. In southern Australia where groundwater level and trend data are available,
assessments that are more confident have been possible. The bulk of non-agricultural areas in
Western Australia, South Australia and western New South Wales were considered to have a very
low salinity risk and were not assessed. Areas of risk are based on groundwater levels and air photo
interpretation. The data show actual areas where dryland salinity or water tables less than 2 meters
have been measured. Every delineated area is underpinned by either air photo data or by one or
more groundwater bores. The area at risk is conservative due to limitations in the air photo and bore
data.
The year 2000 was derived from areas of secondary salinity mapped by the South Australian
Department of Primary Industries and Resources. Secondary salinity is the salinisation of land and
water resources due to land use impacts by people, and includes that due to watertable rises from
dryland management systems or irrigation systems. The South Australian estimates of current
extent are better estimates of affected land than exist for other states. A linear trend was applied
over the 50 year period - based on the trends to the Year 2000. Year 2020 and 2050 - Predictions
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from the South Australian DPIR based on extrapolation of field survey and groundwater trend data
from representative catchments across agricultural regions.
South Australia - Dryland Salinity Risk - 2000 to 2050. Areas of the state currently affected and at
risk to dryland salinisation. The dataset includes areas currently affected by dryland salinisation, and
predicted risks for years 2025 and 2050. Current dryland salinity areas were interpreted from aerial
photography and existing topographic data. Some additional areas were digitised from topographic
base maps. Areas thought to be at risk from dryland salinity by 2025 and 2050 are based on
watertable trends, topography and professional judgement.
Australian Nested Catchments and sub Catchments. A nested set of sub-catchments and
catchments for Australia. The catchments have been determined from the version 2 of the 9-second
continental Digital Elevation Model (DEM) produced by CRES for AUSLIG. The revised DEM
overcomes significant deficiencies in the drainage structure of the first DEM.
When amalgamated, the new catchments show close but not complete agreement with the
Australia's River Basins data from AUSLIG 1997. There are discrepancies in the Western Drainage
Division. There are also some minor discrepancies in some catchment boundaries.
The sub-catchments and catchments are supplied in the form of a single ARC/INFO grid, with grid
spacing of 9 arc seconds, and an associated attribute table defining the sub-catchments according to
four minimum area thresholds - 2.5 km2, 25 km2, 50 km2 and 500 km2. The National Land and
Water Resources Audit funded the compilation of the data. The Centre for Resource and
Environmental Studies at the Australian National University undertook the development of the
database. The ANUDEM program produced a grid of flow direction for each of 44 tiles in the 9
second DEM corresponding to standard 1:1 million topographic map series. The tiles were joined
smoothly by deriving two new grids consisting of eastern and northern components of unit flow
direction vector by taking respectively the sine and cosine of flow direction (in radians). The tiles for
eastern and northern components were separately merged using the ARC/INFO GRID MOSAIC. A
merged flow direction grid was computed by taking inverse tangent of ratio of each merged
northern component to each merged eastern component. The resulting flow direction angles were
reclassified into standard ARC/INFO codes for flow direction.
Set of automatic procedures were developed to correct identified deficiencies in flow direction grid,
consisting of closed loops, crossing flow paths and poor connectivity. Closed loops in flow direction
grid prevent ARC/INFO GRID FLOW ACCUMULATION from completing and were removed by defining
one cell in each closed loop as a sink. Neighbouring grid cells with crossing diagonal flow directions
were corrected by re-directing the flow direction of cell with lowest accumulated upstream area to
lowest neighbouring grid cell with lower elevation. The poor connectivity of sub-catchments was
improved by identifying zones, or "tails", within sub-catchments that were defined using minimum
area threshold of 2.5km2. The sub-catchment membership of such zones was redefined by altering
flow direction of lowest grid cell in zone to neighbouring sub-catchment seed in direction of greatest
downhill slope. If neighbouring seed uphill it was still selected if cell was lower than all upstream grid
cells. The procedure for deriving the nested sub-catchments was repeated for each of specified
minimum area criteria (2.5km2, 25km2, 50km2 and 500km2). GRID FLOW ACCUMULATION was
applied for upslope contributing area for each grid cell. Determining sub-catchment seeds by grid
cells with an increase in upslope contributing area = or > than specified threshold. Defining sub12
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catchments, for each stream link with GRID WATERSHED. Assign membership to grid cells with no
sub-catchment membership, (areas less than specified minimum threshold) were assigned to either
basins defined by GRID BASIN for 2.5km2 sub-catchments or to final sub-catchment defined by
immediately smaller area threshold. Sub-catchments defined with minimum area > 2.5km2: linked
sink catchments merged with stream sub-catchments of immediately smaller area threshold to
larger stream sub-catchment to which smaller sub-catchment belongs and merge small stream subcatchments below area threshold with downstream sub-catchment until catchment outlet is
reached. Iteratively combine each remaining sink catchment with area < specified threshold with
lowest neighbouring sub-catchment, starting with highest catchments, until combined area is = or >
specified threshold or sink catchment was combined with a stream sub-catchment. Join coastal
catchments smaller than specified area threshold with neighbouring small coastal catchment until
combined area reaches the threshold and if neighbouring catchment was not within a different river
basin as defined in AUSLIG (1997). Basins were derived by assigning to coastal pour-point cells the
basin number from River Basins of Australia (AUSLIG 1997) converted to 9 second grid by POLYGRID.
To define Lake Eyre Inland Drainage basin, grid cells with an elevation value equal to lowest point (<15m) were added as seeds. Basins were then computed by WATERSHED. Grid cells within
catchments of inland sinks (and therefore not included within a defined basin) replaced by 500 km2
sub-catchment grid values. These sink catchments were merged with lowest neighbouring
catchment using same procedure as nested sub-catchments. Procedure continued until all sink
catchments were associated with either coastal basin or Lake Eyre drainage basin.
Radiometric Map of Australia. Dataset shows the surface distribution of potassium, uranium and
thorium over 80 per cent of the continent. Almost all the gamma-rays detected near the Earth's
surface result from the natural radioactive decay of these three elements, while their distribution
indicates a lot about the relative age, stability, composition and processes which have helped to
create the Australian landscape. The new radiometric map has been produced by combining more
than 550 survey grids range from 50 m through to 800 m, but most have a cell size of about 100 m.
The original survey grids were levelled and then re-sampled, using minimum curvature onto the
Radiometric Map of Australia grids with a cell size of about 100 m (0.001 degrees). The original
individual surveys were conducted using low flying aircraft and helicopters to measure the gamma
radiation emitted from the rocks and soils below. The map reveals the distribution of bedrock and
regolith materials at a national scale, but has sufficient detail to show variations at local scales.
More information on its development can be found here:
http://www.ga.gov.au/minerals/research/national/radiometric/

OTHER DATASETS
Towns. Latitude and longitude of towns within and around the SAMDB.
Built up Areas. Boundaries of town areas within and around the SAMDB.
Roads. Major and minor roads within the South Australia. The dataset represents navigable roads,
including public and private access roads and tracks. Can be used as a framework layer for spatial
13
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analysis and mapping within South Australia. The dataset has been compiled from a combination of
road centreline data and topographic road data.
Coast Line. Layer includes an interpretation of the mean high water mark for the coastal zone of
South Australia. Can be used as a general indication of this feature within SA.

MODELLED DATASETS
Percent protected
This dataset shows the conservation status of Interim Biogeographic Regionalisation of Australia
(IBRA) sub regions with regard to formal protection. Grid values show the percentage of formally
protected areas within each grid.
Wind erosion risk
The risk of wind erosion was then estimated through combining the soil wind erosion potential
(consequence) and wind erosion factor (likelihood) layers. To ensure comparable data scaling
between the two layers both layers were linearly transformed to values between 1 and 5. The soil
erosion potential layer was rescaled from 1 (Low potential) through 5 (high potential) with the 2
intermediary classes of moderately low and moderately high given values of 2.33 and 3.67,
respectively. The scenario-specific wind erosion factor layers were linearly transformed to values
between 1 (low) and 5 (high). This layer represents the S0 baseline scenario:
Deep drainage
Deep drainage priorities were calculated as the marginal cost of deep drainage benefits by dividing
the cost layer for each action (net economic return) by the benefits layer for each action. The
resulting priority layer was rescaled to values between 1 and 5.
Wind erosion properties
Wind erosion priorities were calculated as the marginal cost of wind erosion benefits by dividing the
cost layer for each action (net economic return) by the benefits layer for each action. The resulting
priority layer was rescaled to values between 1 and 5.
Landscape fragmentation
The spatial distribution of the degree of landscape fragmentation (LF) was calculated for cleared
agricultural areas as the percentage vegetation cover within a 5km radius using a moving window
technique. The percentage values were linearly transformed to the range 1 (lowest benefit) to 5
(highest benefit) to create a biodiversity benefit score for ecological restoration for addressing
landscape fragmentation.
Land use impact model
This dataset shows the risk to remnant native vegetation using the Land Use Impact Model (LUIM)
LUIM was used to quantify the risk of degradation to remnant vegetation from surrounding land use
management practices and associated landscape modification. Five threatening processes were
considered: grazing pressure, weed invasion, nutrient deposition, rising groundwater, and wind
erosion. Risk was calculated as a function of a variety of elements in the LUIM model including the
nature of land use and management, conservation status of remnants, landscape ecology indices,
and other factors. LUIM output provides an estimate of risk of degradation posed by each
14
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threatening process to each remnant vegetation community patch. Grid values show the risk as a
value from 1 (low risk) to 5 (high risk) for each pixel.
Species dispersal
Species dispersal, especially the seed of native flora, generally has a negative exponential
relationship with distance from source. Hence, a negative exponential distance function was used to
identify high benefit sites for ecological restoration. The negative exponential function has the effect
of placing exponentially greater emphasis on sites closer to remnant vegetation for restoration. The
Euclidean distance to the nearest remnant vegetation patch (d) was calculated for the dryland
agricultural areas in the GIS. The Euclidean distance was then exponentially rescaled to scores
between 1 (furthest away) and 5 (closest to remnant). The resulting layer quantifies the relative
benefits of ecological restoration with regard to proximity to remnant vegetation patches.
Long term average annual profit traditional agriculture
This dataset shows the long term average annual profit at full equity for traditional agriculture in
cleared agricultural areas under the baseline climate change scenario. Grid values show the average
profit in dollars per hectare per year ($/ha/yr) at full equity.
Long term average annual profit conservation agriculture
This dataset shows the long term average annual profit at full equity for conservation farming in
cleared agricultural areas under the baseline climate change scenario. Grid values are shown as
average profit in dollars per hectare per year. ($/ha/yr)
Long term average annual profit sheep grazing private land
This dataset shows the long term average annual profit at full equity for grazing sheep in areas of
privately owned, unprotected remnant native vegetation under the baseline climate change
scenario. Grid values are shown as average profit in dollars per hectare per year. ($/ha/yr)
Productivity canola
This dataset shows the productivity of canola cropping under conservation farming methods for the
baseline and four climate change scenarios. Data has been modelled for the purpose of comparing
wheat and canola as biofuels. Biofuels cropping was modelled in this study as a continuous cropping
system, with alternating years of wheat and canola, under conservation farming. Biofuels crop
yields, or quantities, for the baseline were sourced from agricultural census data. Quantity values for
biofuels crops under climate change scenarios were created by modifying the census-derived
quantity values under the baseline scenario based on APSIM modelling. Grid values show the
quantity (yield) of canola produced in tonnes per hectare per year (t/ha/yr). The region has been
broken up by statistical local area (SLA).
Productivity wheat
This dataset shows the productivity of wheat cropping under conservation farming methods for the
baseline and four climate change scenarios. Data has been modelled for the purpose of comparing
wheat and canola as biofuels. Biofuels cropping was modelled in this study as a continuous cropping
system, with alternating years of wheat and canola, under conservation farming. Biofuels crop
yields, or quantities, for the baseline were sourced from agricultural census data. Quantity values for
biofuels crops under climate change scenarios were created by modifying the census-derived
quantity values under the baseline scenario based on APSIM modelling. Grid values show the
15
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quantity (yield) of wheat produced in tonnes per hectare per year (t/ha/yr). The region has been
broken up by statistical local area (SLA).

Economic costs of NRM actions
This data set shows the economic cost of natural resource management actions. Net economic
returns were calculated in dollars per hectare per year ($/ha/yr). These dollar values were
transformed into cost score layers with units between 1 (low cost) and 5 (high cost) to capture the
relative changes in net economic returns between different natural resource management actions
and scenarios. Grid values show the score (1-5) for each pixel.
Layers exist for - Biofuels, biomass, deep rooted perennials, conservation farming, ecological
restoration
Carbon benefits from wheat/canola cropping for biofuels
This dataset shows the total carbon benefit (tonnes CO2-e /ha/yr) from wheat/canola cropping for
biofuels production under climate scenarios. Total carbon benefits from biofuels vary substantially
across the Lower Murray, driven by climate change through the effects on productivity.
Carbon benefits from biomass production of energy
This data set shows the total carbon benefit (tonnes CO2-e /ha/yr) from biomass-based production of
renewable energy modelled for baseline and four climate change scenarios. Carbon benefits are
directly related to biomass productivity. Carbon benefits follow the same geographic pattern as
biomass productivity with the wetter areas of the Mt. Lofty ranges and the southern Wimmera
displaying higher potential carbon benefits through biomass production.
High benefit areas for vegetation management under climate change
This data set shows the high benefit areas for vegetation management under climate scenarios, as
identified by the multi-species benefits index. This index was calculated based on the predicted
amount of suitable habitat under future climate scenarios and the dispersal distance from existing
known species locations. The resulting layers were then weighted by a scalar representing the
change in habitat suitability between current and future climate scenarios for each species. The
resulting layers were then summed over all species to create a single, multi-species benefits index
that identifies areas in the landscape for vegetation management that best show the effects of
climate change on biodiversity.
High benefit areas for ecological restoration under climate change
This data set shows the high benefit areas for ecological restoration under climate scenarios, as
identified by the multi-species benefits index. This index was calculated based on the predicted
amount of suitable habitat under future climate scenarios and the dispersal distance from existing
known species locations. The resulting layers were then weighted by a scalar representing the
change in habitat suitability between current and future climate scenarios for each species. The
resulting layers were then summed over all species to create a single, multi-species benefits index
that identifies areas in the landscape for ecological restoration that best show the effects of climate
change on biodiversity.
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Name
Eyre Peninsula Demographic Boundaries and Datasets
Census Collection District
Statistical Local Area
Statistical Subdivision
Statistical Division
EP Postal
EP State electoral divisions
EP Commonwealth Electoral Division
EP Local Government Area
AgStats 1982/83 to 1996/97 (SLA)
Estimated value of Agricultural Operations (EVAO) 1996-97

Soil Information
APSIM APSOIL Soil sites
DWLBC Soils Data
Australian Clay Content A-horizon (interpolated from site measurements)
Australian Clay Content B-horizon (interpolated from site measurements)
Available Water Capacity for Australian Areas of intensive agriculture of A-Horizon
Available Water Capacity for Australian Areas of intensive agriculture of B-Horizon
Digital Atlas of Australia Soils

Native Vegetation Datasets
ERIN threatened biological communities/species
Native vegetation (NVIS) Present Major Vegetation Groups Stage 1 Version 3.0
Native vegetation (NVIS) Pre-European 1750 Major Vegetation Groups Stage 1 version 3
3
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Custodian

Year

ABS
ABS
ABS
ABS
ABS
ABS
ABS
SA Planning/DEH
ABS
ABS

2006
2006
2006
2006
2006
2006
2006
2009
1997
2001

APSRU
DWLBC
CSIRO
CSIRO
CSIRO
CSIRO
CSIRO

2009
2007
2000
2000
1999
1999
2001

Australian Government - DEWHA
Australian Government - DEWHA
Australian Government - DEWHA

2010
2007
2006

Name
Forest reserve Boundaries
Floristic Vegetation
Protected Areas - NPWS and Conservation reserve Boundaries
Bushland Condition monitoring Assessment sites (15)
Roadside Vegetation (Floristic)
National Parks and Reserves - no mineral exploration access
National Parks and Reserves - mineral exploration access

Custodian

Year

PIRSA - Forestry SA
NVIS-DEH
DEH
Nature Conservation Society of South Australia
DEH
PIRSA
PIRSA

2008
2008
2009
2008
2008
2008
2008

Bureau of Meteorology
Bureau of Meteorology
Bureau of Meteorology
Bureau of Meteorology
Bureau of Meteorology
Bureau of Meteorology
CSIRO

2010
2010
1900-2008
1911-2008
1990-2008
1961-1990
2000

DEH
DEH
DEH
DEH
DEH
Australian Government - DEWHA
PIRSA

2007
2007
2007
2007
2007
2001
2008

Climate Datasets
Weather Station Sites
SILO weather station data (1897-2010) Patched Point Dataset (PPD)
Daily Rainfall- gridded
Monthly Maximum and Minimum Temperature - gridded
Daily Solar Exposure - gridded
Monthly and Annual Evapotranspiration
ANUCLIM 1.8 BIOCLIM climate datasets

Water Datasets
Water Bodies
Water Construction Features
Water Courses
Water Natural Features
Water Pipelines
River condition
Inland Water
4
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Name
Water Courses
Aquatic Reserves
State Marine Parks
Sediment and nutrient supply to river links - Australian Streams
Australian Groundwater Flow Systems
Australian Groundwater Management Units, Unincorporated Areas and Provinces
Australian Surface Water management Areas

Mining Datasets
Mines- Major Occurrences
Mines-Selected Mines and Resources
Indigenous Protected Areas
Geology
Mines and Occurrences
Areas reserved for Mining
Exploration Licence Applications for Minerals and or Opals
Exploration Licence Applications for Minerals
Expired Exploration Licences for Minerals and or Opals
Expired Exploration Licences for Minerals
Tenements- Mining Act 1971
Tenement Applications - Mining Act 1072
Other restricted Lands
Precious Stone Fields

5

Adapted future landscapes - Attachments

Custodian

Year

PIRSA
PIRSA
DEH

2008
2008
2008

NWLRA
PIRSA
AUSLIG

2000
2000
1999

PIRSA
PIRSA
DEH-ERIN UNIT
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA

2008
2008
2006
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

Name
Digital Terrain Models
Shuttle Radar Topography Mission 1'sec (30m), 3'sec (90m), 9'sec (250m)
ASTER Digital terrain model
Topography - Contours 50k
Topography - Spot Heights 50k

Land Characterisation Datasets
Agricultural land cover change dataset - land cover themes 1990
Eyre Peninsula Land use
Land Use Generalised
IBRA regions and IBRA sub regions
NRM Regions
Land Parcels - Cadastre
Hundreds
Australian Dryland Salinity Assessment
South Australian Dryland Salinity Risk 2000-2050
Australian Nested Catchments and Sub Catchments
Australian National Gravity Database (800m resolution)
Radiometric Map of Australia

Imagery Datasets
Landsat Imagery
MODIS Imagery
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Custodian

Year

DEH/PIRSA/NASA
NASA
DEH
DEH

2010
2009
2007
2007

BRS
BRS
SA Planning
DEH
DWLBC
DTEI
PIRSA
NLWRA
PIRSA
ANU
Geoscience Australia
Geoscience Australia

2000
2001
2009
2008
2007
2010
2008
2001
2001
2000
2008
2009

USGS
USGS

1999-2009
2000-2009

Name
Other Eyre Peninsula Datasets
Airfields
Bridges
Built-up Areas
EP Towns
Rail Yards
Railroad
Roads
Roads Unformed- local
Town Area
Coast line
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Custodian

Year

PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
PIRSA
DEH
DTEI
DEH

2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

EYRE PENINSULA DEMOGRAPHIC BOUNDARIES AND DATASETS
ABS boundaries. The census provides statistical information on the key characteristics of the
population demographic that makes up the Eyre Peninsula. The census is carried out on special
geographic areas (spatial units) defined in the Australian Standard Geographical Classification (ASGC)
http://www.abs.gov.au/AUSSTATS/abs@.nsf/lookup/1216.0Contents12005
The ASGC is a hierarchical classification system of geographical areas and consists of a number of
interrelated structures. It provides a common framework of statistical geography and enables the
production of statistics which are comparable. A hierarchy exist for Census data collection with the
smallest unit being the Collector District (CD). CD’s aggregate to form larger spatial units, Statistical
Local Areas (SLA). SLA’s can be made up of one too many CD’s. These are the base units used to
collect and disseminate statistics other than those collected from the Census. SLA’s aggregate
directly to form larger spatial units of Statistical Subdivision (SSD). SSD are a general purpose unit
which encompass one or more SLA’s and do not cross state boundaries. The SSD are aggregated to
Statistical Divisions (SD). SD is a general purpose spatial unit and is the largest and most stable unit
within each state.
Table 1 Australian Standard Geographical Classification for the Eyre Peninsula study region

SD

SSD

SLA

Number of CD

30

Name
Eyre

05

Lincoln
1190

7

Cleve (DC)

1750

7

Elliston (DC)

1960

4

3220

5

Kimba (DC)

3570

6

Le Hunte (DC)

3710

12

6300

26

7910

7
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Franklin
Harbour (DC)

Lower Eyre
Peninsula (DC)
Port Lincoln (C)
Tumby Bay
(DC)

SD

SSD

30

10

SLA

Number of CD

Name
West Coast

1010

10

Ceduna

7490

6

Streaky Bay

35

Northern
05

Whyalla
8540

40

Whyalla

Local Government Area. This dataset records the location and extent of the local government areas
within South Australia and their relationship to the Cadastre. Local Government Areas are an
administrative theme to the Digital Cadastral DataBase (DCDB). Local Government Areas are under
the control of local governing bodies. The Local Government Authority defines the Local
Government Areas. The data is collected by DEH.
ABS Postal Area Concordances. Conversion of data from the ASGC hierarchy to 2006 Postal Areas
(POAs). This population weighted concordance can be used to translate statistics aggregated by SLA
to POA aggregations. Postal Areas are ABS approximations of Australia Post postcodes, created by
allocating whole Collection Districts (CDs) on a 'best fit' basis to postcodes.
State Electoral Divisions. Boundary files containing conversion of data from the 2006 Postal Areas
(POAs) to 2006 State Electoral Divisions (SEDs).
Commonwealth Electoral Divisions. Boundary files containing conversion of data from the 2006
Postal Areas (POAs) to 2007 Commonwealth Electoral Divisions (CEDs).
AgStats 1982/83 to 1996/97. This is a subset of Agricultural Census data from 1982/1983 to
1996/1997 published by the Australian Bureau of Statistics (ABS), consistent for area and attribute
produced for use within the National Land and Water Resources Audit (1998). The subset of 513
data items for plant and livestock production and 246 data items for respondent numbers of these
plant and animal production (a total of 759 data items) from AgStats were important items
commonly available in the AgStats database over the 15 years period and each year for respondents
having Estimated Value of Agricultural Operations (EVAO) above the cutoff of $22,500. The data
were then concorded to Version 2.6 Statistical Local Area (SLA) boundaries (ABS, 1996) using the
mask from the Land Use Map (1996/1997) developed in Bureau of Rural Sciences (BRS). The land use
mask has a number of land use classes such as agricultural land, national parks, protected areas,
forestry and so on. The concordance developed for the AgStats database used conversion ratios
based upon the agricultural land area and obtained by overlaying the land use mask, and SLA
boundary Version 2.6 (1996) against each of the previous versions of SLA boundaries.
9
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Estimated Value of Agricultural Operations (EVAO), 1996-1997. The geography of this dataset is
Australian statistical local area (SLA). The data relates to Estimated Value of Agricultural Operations
(EVAO) as a median value for each SLA for each farm at a scale of 1:25,000,000. The estimated value
of agricultural operations is a measure of gross farm income and this data represents all farm
establishments with an EVAO greater than $5,000. The data is presented at a scale of 1:25,000,000.
Data for Estimated Value of Agricultural Operations (EVAO) is provided as a custom cross tabulation
by the Australian Bureau of Statistics. The data was compiled from the Australian Bureau of
Statistics Agricultural Census 1996-1997 data for all farms with EVAO > $5,000. Data has been
supplied as a median EVAO figure per SLA. The hectares of agricultural land use attribute is derived
from the 1996/97 Land Use of Australia, 1:1 Million, Version 1a produced by the Bureau of Rural
Sciences. The attribute of the SPREAD layer "Spread" was used to produce an agricultural land cover
using Spread values 0 - 21 inclusive. See the 1996/97 Land Use of Australia, 1:1 Million, Version 1a
metadata and user guide for further information.

SOIL INFORMATION
APSIM/Apsoil Sites. A total of 64 soil pit sites (see below) across the Eyre Peninsula are available
from the APSIM/ Apsoil database. These sites have individual soil and crop species data in
spreadsheet and graphical formats and provide the ability to run APSIM simulations for locally
relevant soils. Site information includes soil type, Plant Available Water Capacity for different crops
(predominately wheat), drained upper and crop lower limits at different soil depths (0 to greater
than 1000mm).
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Department of Water, Land, Biodiversity Conservation (DWLBC) Soils Data. Spatial data on soil
landscapes which covers Southern South Australia (which includes the whole of the agricultural
districts) at base mapping scales of 1:50,000 or 1:100,000 depending on region. The spatial data is
based on an interpretation of 1:40,000 stereo colour aerial photography and limited field inspection
of landscapes and soil by soil scientists. Soil Landscape Map Unit boundaries were determined after
an integration of field observations and recordings, laboratory analyses, stereoscopic examination of
aerial photographs, understanding of regional landscape processes and stratigraphy, existing soil and
geological mapping data, and an examination of land and soil attributes.
The aim of the data is supply map, statistics and reports displaying and describing:
 Land and soil attributes within Southern South Australia
 Land surface features affecting land use, land management and productivity
 Limitations/suitability of land and soil for a range of agricultural and other uses
Soil Landscapes - SPATIAL DATA is a spatial dataset of Soil Landscape Map Units (LANSLU). The data
set is to be used in conjunction with Soil Landscapes - MAPPING DATA for the production of land and
soil attribute maps and Soil Landscapes - ANALYSIS DATA for the calculation of land and soil attribute
spatial data statistics. The 'Spatial Data' covers Southern South Australia (including the whole of the
agricultural districts) at base mapping scales of 1:50,000 or 1:100,000 (depending on region - see
below). Soil Landscape Map Unit (LANSLU) codes incorporate a Land System code (first three
characters) and a Soil Landscape Unit code (remaining characters) specific to that Land System. USE:
Used to supply Government, community groups, industry and the general public with up to date
regional, subregional and catchment level land and soil attribute information for Southern South
Australia. AIM: The aim is to produce maps, statistics and reports displaying and describing: · Land
and soil attributes within Southern South Australia · Land surface features affecting land use, land
management and productivity · Limitations / suitability of land and soil for a range of agricultural
and other uses
Australian Clay Content A-horizon. Clay content for Australian areas of intensive agriculture of
Layer 1 (A-Horizon - Top-soil) (derived from site measurements of clay content). his dataset
presents a surface of predicted %Clay content (X 1000) of layer 1 (A Horizon - top-soil) surface for
the intensive agricultural areas of Australia. Data modelled from spot observations taken by soil
agencies both State and CSIRO. % Clay has been estimated using both a polygon model, and a
combined point/polygon model. The map derived from the combined model is considered to be
more accurate, and is the preferred choice for applications that require an estimate only of % clay.
Where clay, sand and silt are all required, the polygon-based maps should be used. These maps of %
clay in topsoil and subsoil were produced from combined point- and polygon-based models. A
point-based model of % clay was developed using soil profile data, and the map of % clay derived
from polygon data was added in as an extra environmental layer. This has the advantage of retaining
the spatial structure of the soil map, while allowing estimates of % clay to vary within each map unit
as a function of other environmental predictors. The model was derived for log (% clay), but results
are presented as %clay. The model for % clay in topsoil is generally good, although it is strongest in
11
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Queensland, Victoria and Tasmania and less reliable in southern NSW, NT and WA. This is
considered to be a more reliable estimate of % clay than that produced by the polygon based model.
The digital map data is provided in geographical coordinates based on the World Geodetic System
1984 (WGS84) datum. This raster data set has a grid resolution of 0.001 degrees (approximately
equivalent to 1.1 km). The data set is a product of the National Land and Water Resources Audit
(NLWRA) as a base dataset. Uncertainty surfaces corresponding to ASRIS point model prediction
surfaces have been prepared for this soil property. The dimensionless uncertainty values fall in the
range 0 to 1000 where lower values represent greater uncertainty.
Australian Clay Content B-horizon. Clay content for Australian areas of intensive agriculture of
Layer 2 (B-Horizon - Sub-soil) (derived from site measurements of clay content). This dataset
presents a surface of predicted %Clay content (X 1000) of layer 2 (B Horizon - sub-soil) surface for
the intensive agricultural areas of Australia. Data modelled from spot observations taken by soil
agencies both State and CSIRO. % Clay has been estimated using both a polygon model, and a
combined point/polygon model. The map derived from the combined model is considered to be
more accurate, and is the preferred choice for applications that require an estimate only of % clay.
Where clay, sand and silt are all required, the polygon-based maps should be used. These maps of %
clay in topsoil and subsoil were produced from combined point- and polygon-based models. A
point-based model of % clay was developed using soil profile data, and the map of % clay derived
from polygon data was added in as an extra environmental layer. This has the advantage of
retaining the spatial structure of the soil map, while allowing estimates of % clay to vary within each
map unit as a function of other environmental predictors. The model was derived for log (% clay),
but results are presented as %clay. The model for % clay in subsoil is less reliable than for topsoil.
This is considered to be a more reliable estimate of % clay than that produced by the polygon based
model. The digital map data is provided in geographical coordinates based on the World Geodetic
System 1984 (WGS84) datum. This raster data set has a grid resolution of 0.001 degrees
(approximately equivalent to 1.1 km). The data set is a product of the National Land and Water
Resources Audit (NLWRA) as a base dataset. Uncertainty surfaces corresponding to ASRIS point
model prediction surfaces have been prepared for this soil property. The dimensionless uncertainty
values fall in the range 0 to 1000 where lower values represent greater uncertainty.
Available Water Capacity for Australian areas of intensive agriculture of Layer 1 (A-Horizon - Subsoil) (derived from soil mapping). Surface of predicted Available Soil Water Holding Capacity of
layer 1 (A Horizon - Sub-soil) surface for the intensive agricultural areas of Australia. Data modelled
from area based observations made by soil agencies both State and CSIRO and presented as .0.01
degree grid cells. Available water capacity (AWC) is a measure of the store of water available for
plants to use. AWC is presented here as the estimated total for the horizon, measured in millimetres
(mm). The amount of water that is held by the soil varies according to a number of soil properties
including, soil texture, organic matter content, bulk density and soil structure development.
Available water capacity has been calculated as the difference in volumetric water content at 0.1 bar
and 15 bar (matric potentials of -10 kPa and -1.5 mPa) for each layer. These represent respectively
the field capacity (maximum water content following free drainage) and the permanent wilting point
(lower limit of soil moisture available to plants). The final ASRIS polygon attributed surfaces are a
mosaic of all of the data obtained from various state and federal agencies. The surfaces have been
12
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constructed with the best available soil survey information available at the time. The surfaces also
rely on a number of assumptions. One being that an area weighted mean is a good estimate of the
soil attributes for that polygon or map-unit. Another assumption made is that the look-up tables
provided by McKenzie et al. (2000), state and territories accurately depict the soil attribute values
for each soil type. The accuracy of the maps is most dependent on the scale of the original polygon
data sets and the level of soil survey that has taken place in each state. The scale of the various soil
maps used in deriving this map is available by accessing the data-source grid, the scale is used as an
assessment of the likely accuracy of the modelling. The Atlas of Australian Soils is considered to be
the least accurate dataset and has therefore only been used where there is no state based data. Of
the state datasets Western Australian sub-systems, South Australian land systems and NSW soil
landscapes and reconnaissance mapping would be the most reliable based on scale. NSW soil
landscapes and reconnaissance mapping use only one dominant soil type per polygon in the
estimation of attributes. South Australia and Western Australia use several soil types per polygon or
map-unit. The level of uncertainty associated with estimates of available water capacity are very
high. McKenzie et al (2000) note that there are many physical and practical reasons why such an
estimate of available water capacity is only an approximate, and sometimes erroneous, estimate of
the actual plant available water capacity (see Hillel 1980). Despite these limitations, it provides a
reasonable first approximation of the water storage capacity of a soil. The digital map data is
provided in geographical coordinates based on the World Geodetic System 1984 (WGS84) datum.
This raster data set has a grid resolution of 0.001 degrees (approximately equivalent to 1.1 km). The
data set is a product of the National Land and Water Resources Audit (NLWRA) as a base dataset.
Available Water Capacity for Australian areas of intensive agriculture of Layer 2 (B-Horizon - Subsoil) (derived from soil mapping). Surface of predicted Available Soil Water Holding Capacity of
layer 2 (B Horizon - Sub-soil) surface for the intensive agricultural areas of Australia. Data modelled
from area based observations made by soil agencies both State and CSIRO and presented as .0.01
degree grid cells. Available water capacity (AWC) is a measure of the store of water available for
plants to use. AWC is presented here as the estimated total for the horizon, measured in millimetres
(mm). The amount of water that is held by the soil varies according to a number of soil properties
including, soil texture, organic matter content, bulk density and soil structure development.
Available water capacity has been calculated as the difference in volumetric water content at 0.1 bar
and 15 bar (matric potentials of -10 kPa and -1.5 MPa) for each layer. These represent respectively
the field capacity (maximum water content following free drainage) and the permanent wilting point
(lower limit of soil moisture available to plants). The final ASRIS polygon attributed surfaces are a
mosaic of all of the data obtained from various state and federal agencies. The surfaces have been
constructed with the best available soil survey information available at the time. The surfaces also
rely on a number of assumptions. One being that an area weighted mean is a good estimate of the
soil attributes for that polygon or map-unit. Another assumption made is that the look-up tables
provided by McKenzie et al. (2000), state and territories accurately depict the soil attribute values
for each soil type. The accuracy of the maps is most dependent on the scale of the original polygon
data sets and the level of soil survey that has taken place in each state. The scale of the various soil
maps used in deriving this map is available by accessing the data-source grid, the scale is used as an
assessment of the likely accuracy of the modelling. The Atlas of Australian Soils is considered to be
the least accurate dataset and has therefore only been used where there is no state based data. Of
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the state datasets Western Australian sub-systems, South Australian land systems and NSW soil
landscapes and reconnaissance mapping would be the most reliable based on scale. NSW soil
landscapes and reconnaissance mapping use only one dominant soil type per polygon in the
estimation of attributes. South Australia and Western Australia use several soil types per polygon or
map-unit. The level of uncertainty associated with estimates of available water capacity is very high.
McKenzie et al (2000) note that there are many physical and practical reasons why such an estimate
of available water capacity is only an approximate, and sometimes erroneous, estimate of the actual
plant available water capacity (see Hillel 1980). Despite these limitations, it provides a reasonable
first approximation of the water storage capacity of a soil. The digital map data is provided in
geographical coordinates based on the World Geodetic System 1984 (WGS84) datum. This raster
data set has a grid resolution of 0.001 degrees (approximately equivalent to 1.1 km). The data set is
a product of the National Land and Water Resources Audit (NLWRA) as a base dataset.
Digital Soil Map of Australia. The digital version of the Atlas of Australian Soils was created by NRIC
(National Resource Information Centre) in 1991 from scanned tracings of the published hardcopy
maps (1 - 10), Northcote et al. (1960 – 1968). The Atlas of Australian Soils (Northcote et al, 1960-68)
was compiled by CSIRO in the 1960's to provide a consistent national description of Australia's soils.
It comprises a series of ten maps and associated explanatory notes, compiled by K.H. Northcote and
others. The maps were published at a scale of 1:2,000,000, but the original compilation was at scales
from 1:250,000 to 1:500,000. Mapped units in the Atlas are soil landscapes, usually comprising a
number of soil types. The explanatory notes include descriptions of soils landscapes and component
soils. Soil classification for the Atlas is based on the Factual Key. The Factual Key (Northcote 1979)
was the most widely used soil classification scheme prior to the Australian Soil Classification (Isbell
2002). It dates from 1960 and was essentially based on a set of about 500 profiles largely from
south-eastern Australia. It is a hierarchical scheme with 5 levels, the most detailed of which is the
principal profile form (PPF). Most of the keying attributes are physical soil characteristics, and can be
determined in the field. The “mapunit” code contained within the digital dataset represents and
links to the soil landscapes described in the explanatory notes. (explanatoryNotes.txt).The dominant
and top 5 soils (as PPF classes) listed within the explanatory notes have been estimated from the
text and are also included with this dataset (muppf5.txt). Additional work by various groups has
added some value to the dataset by providing look up tables that link to some interpretations of the
mapping units or dominant soil type (PPF). Some examples of this include:
1. McKenzie, N. J. and Hook, J. (1992). Interpretations of the Atlas of Australian Soils.
Consulting Report to the Environmental Resources Information Network (ERIN). CSIRO
Division of Soils Technical Report 94/1992.
2. McKenzie NJ, Jacquier DW, Ashton LJ and Cresswell HP (2000) Estimation of soil properties
using the Atlas of Australian Soils. CSIRO Land and Water Technical Report 11/00, February
2000.
3. Ashton, L.J. and McKenzie, N.J. (2001) Conversion of the Atlas of Australian Soils to the
Australian Soil Classification, CSIRO Land and Water (unpublished).

14

Adapted future landscapes - Attachments

NATIVE VEGETATION DATASETS
Environmental Resources Information Network (ERIN) threatened biological/ecological
communities and species. The Environmental Resources Information Network (ERIN) is a unit within
the Department of the Environment, Water, Heritage and the Arts, specializing in online data and
information management, and spatial data integration and analysis. ERIN aims to improve
environmental outcomes by developing and managing a comprehensive, accurate and accessible
information base for environmental decisions. Information bases continue to be established to help
answer questions crucial to the conservation and management of our environment.
 What is found in a particular region? (such as, a rare species, an environmental resource, or
a type of management zone)
 Where is something?
 What kinds of environments exist and where are they found?
 How are these environments being managed?
 Is the environment changing and by how much?
 What will happen if...?
Number of EPBC-listed species and communities occurring in a 0.05 degree latitude/longitude grid
cells containing land across Australia. Analysis is based on distributions from the Species and
Communities of National Environmental Significance map database of species and communities
listed under the Environment Protection and Biodiversity Conservation (EPBC) Act 1999. In general,
known and likely distributions are used. The following ESRI grid layers are available: thrtnd_kl = all
threatened species ce_kl = critically endangered species end_kl = endangered species vul_kl =
vulnerable species plants_kl = threatened plants birds_kl = threatened birds fishes_kl = threatened
fishes frogs_kl = threatened frogs inverts_kl = threatened invertebrates mammals_kl = threatened
mammals reptiles_kl = threatened reptiles mig_kl = migratory species com_all = threatened
communities (known, likely and may occurrences) com_ce_all = critically endangered communities
(known, likely and may occurrences) com_end_all = endangered communities (known, likely and
may occurrences) com_vul_all = vulnerable communities (known, likely and may occurrences) Note:
- kl uses known and likely occurrence; -all uses known, likely, and may occur occurences. The Value
field contains the number species occurring in the cell. Threatened includes critically endangered,
endangered and vulnerable.
Australia - Present Major Vegetation Subgroups - NVIS Stage 1, Version 3.1. This raster dataset
provides summary information on Australia's present native vegetation. It has 100 m x 100 m (1 Ha)
cell size. State and Territory vegetation mapping agencies supplied a new version of the National
Vegetation Information System (NVIS) over the first half of 2005. Summaries were derived from the
best available data in the NVIS extant (present) theme as at May 2006. This product is derived from
a compilation of data collected at different scales by different organisations.
http://www.environment.gov.au/erin/nvis/mvg/index.html
Gaps in the NVIS database were filled by non-NVIS data, notably the small 1:5M patch in New South
Wales and parts of the arid zone at 1:1M in South Australia. The data represent on-ground dates of
2001 in Queensland, 2001 to 2004 in South Australia (depending on the region) and 2004 in other
15
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jurisdictions, except NSW. NVIS data was partially updated in NSW with 2001-04 data, with extensive
areas of 1997 data remaining from the earlier version of NVIS. Sixty-seven (67) Major Vegetation
Subgroups were identified to summarise the type and distribution of Australia's native vegetation.
The classification contains an emphasis on the structural and floristic composition of the dominant
stratum (as with Major Vegetation Groups), but with additional types identified according to typical
shrub or ground layers occurring with a dominant tree or shrub stratum. In a mapping sense, the
groups reflect the dominant vegetation occurring in a map unit from a mix of several vegetation
types. Subdominant vegetation groups which are also present in the map unit are not shown. For
example, the dominant vegetation in an area may be mapped as dominated by eucalypt open forest
with a shrubby understorey, although it contains pockets of rainforest, shrub land and grassland
vegetation as subdominants. A number of other non-vegetation and non-native vegetation land
cover types are also represented as Major Vegetation Subgroups. These are provided for
cartographic purposes, but should not be used for analyses. For background and other NVIS
products, please see the links on
http://www.environment.gov.au/erin/nvis/index.html.
Estimated Pre-1750 Major Vegetation Subgroups - NVIS Stage 1, Version 3.1. This raster dataset
provides summary information on the distribution of Australia's estimated pre-1750 (pre-European,
pre-clearing, natural) native vegetation. State and Territory vegetation mapping agencies supplied a
new version of the National Vegetation Information System (NVIS) over the first half of 2005. It has a
100 m x 100 m (1 Ha) cell size. This product is derived from a compilation of data collected at
different scales on different dates by different organisations. Gaps in the NVIS database were filled
by non-NVIS data, notably large areas of New South Wales and all of South Australia. The data
represent on-ground dates 2001 to 2004 in South Australia (depending on the region). Sixty-seven
(67) Major Vegetation Subgroups were identified to summarise the type and distribution of
Australia's native vegetation. The classification contains an emphasis on the structural and floristic
composition of the dominant stratum (as with Major Vegetation Groups), but with additional types
identified according to typical shrub or ground layers occurring with a dominant tree or shrub
stratum. In a mapping sense, the groups reflect the dominant vegetation occurring in a map unit
from a mix of several vegetation types. Subdominant vegetation groups which are also present in
the map unit are not shown. For example, the dominant vegetation in an area may be mapped as
dominated by eucalypt open forest with a shrubby understorey, although it contains pockets of
rainforest, shrub land and grassland vegetation as subdominants. A number of other non-vegetation
and non-native vegetation land cover types are also represented as Major Vegetation Subgroups.
These are provided for cartographic purposes, but should not be used for analyses. For background
and other NVIS products, please see the links on
http://www.environment.gov.au/erin/nvis/index.html
Forest Reserve Boundaries. Identifies all areas owned or managed by Forestry SA in the ten forest
districts. Excludes minor forest reserves and coded to reflect land use. Data sources include field
surveys, survey books, aerial photos and GPS.
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Native Vegetation (Floristic). This dataset represents the State Governments key extant native
floristic vegetation mapping layer for SA. It provides floristic and structural information, and/or
presence of native vegetation in South Australia. The data set includes floristic vegetation mapping
datasets produced as part of the Biological Survey of SA program. The descriptions for the
vegetation types are stored in a textual database, the South Australian Vegetation Information
System Database (SAVEG). The database uses the National Vegetation Information System (NVIS)
Framework. Native vegetation data was captured using several data capture techniques, scales,
sensitivities and survey years. In general the native vegetation cover is mapped based on imagery
and field based information for further delineation and attribution to provide floristic vegetation
group information. This dataset has been translated into the NVIS vegetation attribute framework
Version 6.0 enabling integration with national projects. It should not be assumed that this dataset
represents all native vegetation cover present in the State due to the limitations of the mapping
methodology. For more information refer to
http://www.atlas.sa.gov.au/products/veg_map_limitations.html
Protected Areas – NPWS and Conservation Reserve Boundaries. These are the boundaries of land
dedicated to conservation within South Australia. These areas protect both the fauna and flora
species and are a major 'biological reservoir' for the maintenance of species diversity. This data set
provides an accurate location for the legal boundary of reserves dedicated under the National Parks
and Wildlife Act, Wilderness Protection Act and reserves for conservation purposes the under Crown
Lands Act in South Australia.
Bushland Condition Monitoring Sites. GPS referenced sites for bushland monitoring using 30m by
30m quadrant. Measures vegetation community type, vegetation association and habitat condition
based on rating of species diversity, weed abundance and threat, structural diversity, recruitment of
species, fallen logs and trees, primary canopy health, tree health, feral animals, hollow bearing trees
and habitat trees. 15 Sites are present for the EP region.
Roadside Vegetation (Floristic). This dataset contains information from the Roadside Vegetation
Database on the left and right side of the road. The data has been collected using Planning SA's
standard roadside vegetation survey methodology.
National Parks and Reserves – No mineral Access. Location of areas reserved from certain
provisions of the Mining Act, 1971 and Opal Act, 1995. Areas are reserved for several reasons,
including preservation of heritage and tourism interests. Such reserves prevent mineral claims and
exploration licences from being granted. They generally include entire cadastral land parcels.
National Parks and Reserves – Mineral Access. Parks and reserves not restricted from the Mining
Act 1971 and Opal Act 1995.
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CLIMATE DATASETS
Weather Station Sites and Point Patch Dataset. The co-ordinates of and specific meteorological
stations climate dataset (Point Patch Dataset) of all weather station sites within the EP region. These
datasets provides continuous daily climate data based on original Bureau of Meteorology records
but use interpolated data to fill (“patch”) any gaps in the observation record.
Daily Rainfall –Gridded data. Daily gridded data from 1900 to 2008. The grids describe rainfall
values across the study region in the form of a two-dimensional array. The analyses (grids) are
computer generated using a sophisticated analysis technique. It incorporates an optimised Barnes
successive correction technique that applies a weighted averaging process to the station data.
Topographical information is included by the use of rainfall ratio (actual rainfall divided by monthly
average) in the analysis process. On the maps each grid-point represents an approximately square
area with sides of about 5 kilometres (0.05 degrees). The size of the grids is limited by the data
density across Australia. This grid-point analysis technique provides an objective average for each
grid square and enables useful estimates in data-sparse areas such as central Australia. However, in
data-rich areas such as southeast Australia or in regions with strong gradients, "data smoothing" will
occur resulting in grid-point values that may differ slightly from the exact rainfall amount measured
at the contributing stations.
Daily Solar Exposure. These solar exposure grids show the daily total global solar exposure across
Australia for 1990 onwards. Global solar exposure is the total amount of solar energy falling on a
horizontal surface. The daily global sector is the total solar energy for a day. Typical values for daily
global exposure range from 1 to 35 MJ/m2 (Megajoules per square metre). The Bureau of
Meteorology’s computer radiation model uses visible images from geostationary meteorological
satellites to estimate daily global solar exposures at ground level. At each location for each satellite
acquired image, the brightness’s are averaged over each grid cell and used to estimate solar
irradiance at the ground. Essentially, the irradiance at the ground can be calculated from the
irradiance at the top of the earth’s atmosphere, the amount absorbed in the atmosphere
(dependant on the amount of water vapour present), the amount reflected from the surface
(surface albedo) and the amount reflected from clouds (cloud albedo). These instantaneous
irradiance values are integrated over the day to give daily insolation (daily radiant exposure) in mega
joules per square metre. The daily exposure gridded datasets cover Australia with a resolution of
0.05 degrees in latitude and longitude. These datasets were produced by reprocessing archived raw
satellite data using software that was extensively rewritten in 2006, but based on the physical model
that has been used since 1990. Satellite-derived global solar exposure estimates are based on
images from the Geostationary Meteorological Satellite GMS-4, GMS-5, MTSAT-1R (from Nov. 2005)
and Geostationary Operational Environmental Satellite (GOES-9) satellites which are provided with
permission of the Japan Meteorological Agency (JMA) and the United States National Oceanic &
Atmospheric Administration (NOAA). Any use of products from this imagery requires
acknowledgement of the satellites of JMA and NOAA as the original source of the satellite data, and
acknowledgement of the Commonwealth of Australia (Bureau of Meteorology) which received and
processed the images. Acknowledgement should be in the form: “Solar exposure data derived from
satellite imagery processed by the Bureau of Meteorology from the Geostationary Meteorological
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Satellite series operated by Japan Meteorological Agency and from GOES-9 operated by the National
Oceanographic & Atmospheric Administration (NOAA) for the Japan Meteorological Agency"
Monthly Temperature Gridded data. Monthly maximum and minimum temperature maps and
gridded data from 1911 to 2008. The maps show maximum and minimum temperature values across
Australia in a two dimensional array. The analyses (grids) are computer generated using a
sophisticated analysis technique. It incorporates an optimised Barnes successive correction
technique that applies a weighted averaging process to the station data. Topographical information
is included by the use of anomalies (departures from average) in the analysis process. On the maps
each grid-point represents an approximately square area with sides of about 5 kilometres (0.05
degrees). The size of the grids is limited by the data density across Australia. This grid-point analysis
technique provides an objective average for each grid square and enables useful estimates in datasparse areas such as central Australia. However, in data-rich areas such as southeast Australia or in
regions with strong gradients, "data smoothing" will occur resulting in grid-point values that may
differ slightly from the exact temperature measured at the contributing stations.
Monthly and Annual Evapotranspiration. Mean monthly and mean annual areal actual, areal
potential and point potential evapotranspiration (ET) grids. The grids show the ET values across
Australia and the mean data are based on the standard 30-year period 1961-1990. Gridded data
were generated using the ANU (Australian National University) 3-D Spline (surface fitting algorithm).
The grid point resolution of the data is 0.1 degrees (approximately 10km). As part of the 3-D analysis
process a 0.1 degree resolution digital elevation model (DEM) was used. Approximately 750 stations
were used in the analysis, and all input station data underwent a high degree of quality control
before analysis, and conform to WMO (World Meteorological Organisation) standards for data
quality. Areal Actual ET is the ET that actually takes place, under the condition of existing water
supply, from an area so large that the effects of any upwind boundary transitions are negligible and
local variations are integrated to an areal average. Areal Potential ET is the ET that would take place,
under the condition of unlimited water supply, from an area so large that the effects of any upwind
boundary transitions are negligible and local variations are integrated to an areal average.
Point Potential ET is the ET that would take place, under the condition of unlimited water supply,
from an area so small that the local ET effects do not alter local air mass properties. It is assumed
that latent and sensible heat transfers within the height of measurement are through convection
only. The above definitions are based on those given by Morton (1983), but we have used the term
areal potential ET for Morton’s wet-environment ET and the term point potential ET for Morton’s
potential ET.
Morton, F.I. (1983). Operational estimates of areal evapotranspiration and their significance to the
science and practice of hydrology. Journal of Hydrology, 66: 1-76.
ANUCLIM 1.8 BIOCLIM climate datasets. Various Anuclim 1.8 BIOCLIM climate datasets. Datasets
pertain to ASRIS study areas. The following BIOCLIM surfaces were generated for the ASRIS project
using ANUCLIM version 1.8:
1. Annual mean temp
2. Mean Diurnal Change
3. Isothermality
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4. Temp - Seasonality
5. Max Temp - warmest Period
6. Min Temp - Coldest period
7. Temp Annual Change
12. Annual Precipitation
13. Precipitation of Wettest Period
14. Precipitation of Driest Period
15. Precipitation Seasonality
20. Annual mean radiation
21. Highest Period Radiation
22. Lowest Period Radiation
23. Radiation Seasonality
28. Annual mean moisture Index
29. Highest Period moisture Index
30. Lowest Period moisture Index
31. Moisture Index seasonality
The digital map data is provided in geographical coordinates based on the World Geodetic System
1984 (WGS84) datum. This raster data set has a grid resolution of 0..01 degrees (approximately
equivalent to 1.1 km). The data set is a product of the National Land and Water Resources Audit
(NLWRA) as a base dataset. These surfaces were generated using ANUCLIM version 1.8 and an ASCII
version of the AUSLIG 9 Second DEM. Surfaces have been resampled from 0.0025 degree cell size to
0.01 degree cell size using bilinear interpolation.

WATER DATASETS
Water Bodies. Layer contains natural and constructed water pondage features including; lakes,
wetlands, reservoirs and dams. The layers can be used as a general indication of these features
within the agricultural areas of South Australia. Features were originally captured by analog
photogrammetric techniques based on 1:80 000 scale aerial photography and surveyed ground
control for the standard 1:50 000 mapping program.
Water Construction Features. Data layers include features of significant size captured for standard
topographic mapping purposes and represented by line or point geometry. Included features: dam
wall, weir, caisson, salt evaporation pan. Can be used as a general indication of these features
within the agricultural areas of South Australia. Features were originally captured by analog
photogrammetric techniques based on 1:80 000 scale aerial photography and surveyed ground
control for the standard 1:50 000 mapping program.
Water Natural Features. Data layers include waterholes, springs etc. Larger features represented by
polygons. Can be used as a general indication of these features within the agricultural areas of
South Australia. Features were originally captured by analog photogrammetric techniques based on
1:80 000 scale aerial photography and surveyed ground control for the standard 1:50 000 mapping
program.
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Water Pipelines. Data layer includes major water pipelines either above or below ground. Can be
used as a general indication of these features within the agricultural areas of South Australia.
Features were originally captured by analog photogrammetric techniques based on 1:80 000 scale
aerial photography and surveyed ground control for the standard 1:50 000 mapping program.
River Condition (basins and reaches). The Assessment of River Condition is the first attempt to
report on river condition for key river basins across Australia. The integrated assessment provides a
basin-wide context and a framework within which decisions and river management priorities can be
considered. The assessment incorporates a range of attributes that are considered to indicate key
ecological processes at the river reach and basin levels. The two indices developed are an Aquatic
Biota Index using macroinvertebrates, and an Environment Index with four sub-indices: catchment
disturbance; hydrological disturbance; habitat; and nutrient and suspended sediment load. A range
of data types and approaches were used including direct measurements and modelling of nutrient
and sediment loads. The river basins assessed include areas that contain intensive land use and
selected areas of non-intensive land use such as part of the Northern Territory and the western
division of the Murray-Darling Basin. Whole river basins were used so that processes such as
hydrology and sediment and nutrient movement could be modelled and balanced over entire
catchments. Data for basin boundaries were captured by relevant State and Territory authorities
from 1:10 000 to 1:250 000 scale source material. The balance of data is from AUSLIG GEODATA
1:100 000 scale coastline data and includes State border information. Data are suitable for GIS
applications. The reaches data were modelled from the AUSLIG 9 second DEM (second edition).
Inland Waters. Polygonal boundaries of inland waters within the EP region. Description of where
water body is permanent/ perennial/ intermittent or fluctuating.
Water Courses. Spatial representation (Arcs) of rivers and streams within the EP region.
Aquatic Reserves. This data set is used to identify the location and spatial extent of marine and
coastal environments protected under the Fisheries Act, 1982. These areas form one component of
the network of Marine Protected Areas (MPA's) for South Australia. This data set was generated
from the gazetted coordinates of each dedicated reserve.
State Marine Parks. Dedicated to conservation as a Marine Protected Area (MPA), these are
established to protect the biological diversity of these waters whilst providing for ecologically
sustainable use of their natural resources. This layer contained the state and commonwealth
boundaries making up the legal marine protected areas of The Great Australian Bight.
Sediment and nutrient supply to river links - Australian Streams. This data set is the vector streams
coverage generated from the 9" (approx 250 m) digital elevation model data set attributed with
sediment and nutrient source, sink, load and delivery information. The data set is a product of the
Water-borne Soil Erosion Project of the National Land and Water Resources Audit (NLWRA). This
digital map uses geographical coordinates referred to the World Geodetic System 1984 (WGS84).
The data set may be of use to researchers and policy makers in need of national or regional scale
land use data. These attributes are the product of the river model component of the Water-borne
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Soil Erosion Project of the National Land and Water Resources. Inputs to this model are the hill
slope erosion and gully erosion estimates produced by other components of the project.
Australian Groundwater Flow Systems - National Land and Water Resources Audit, January 2000.
The data shows the distribution of groundwater flow systems at a national scale. These flow systems
were based on their hydrogeological characteristics using a combination of geology, geomorphology
and topographical (Digital Elevation Model) information at a national scale. The groundwater flow
systems identify the extent of groundwater processes contributing to salinity, together with the
characteristic hydrogeological processes considered likely to result in dryland salinity given suitable
climatic conditions.
Australian Groundwater Management Units, Unincorporated Areas and Provinces. Contains the
boundaries and names of Groundwater Management Units, Unincorporated Areas and Groundwater
Provinces. A Groundwater Management Unit (GMU) is a hydraulically connected groundwater
system that is defined and recognised by State and Territory agencies. This definition allows for
management of the groundwater resource at an appropriate scale at which resources issues and
intensity of use can be incorporated into groundwater management practices.
A Groundwater Province is an area having a broad uniformity of hydro-geological and geological
conditions identified as either predominantly sedimentary or fractured rock as defined by the
Australian Water Resources Council. An Unincorporated Area is a groundwater resource defined by
a groundwater province and excluding any designated groundwater management units. For the
purposes of reporting the total groundwater resource, unincorporated areas have been included in
the analyses that follow. For convenience, Unincorporated Areas are reported under the heading of
groundwater management units. The data contains the boundaries (captured at various scales) and
the name and number of each Groundwater Management Unit, Unincorporated Area and Province.
For South Australia, the province boundaries were sourced from AGSO Groundwater Provinces data.
The GMU information was derived from Prescribed Water Resource Areas (PWRA) and Local
Government Area boundaries provided by Resource Information, Department of Environment and
Heritage and based on digital cadastral database information. Other GMU boundaries were
produced by digitising contours from 1:50,000 map sheets.
Australian Surface Water Management Areas. Contains the boundaries and names of Surface
Water Management Areas (SWMA). Surface Water Management Areas are regions defined by State
and Territory water management agencies for use in national water resources reporting. Many
Surface Water Management Areas are the same as the Australia's River (AWRC) Basins (AUSLIG
1997) boundaries, however in some States and Territories some Surface Water Management Areas
are a sub-set or a major part of the AWRC Basins. For South Australia, changes were made in the
eastern part of the State to ensure that SWMAs followed prescribed wells area and local
government area (LGA) boundaries. Prescribed well areas are areas within which there are
restrictions on groundwater extraction. All wells ("bores") must be licensed and there are
restrictions on volume and are legislated boundaries. Prescribed wells area and LGA boundaries
were digitised from 1:50,000 topographic maps.
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MINING DATASETS
Mines – Major Occurrences. To display location and characteristics of South Australia's known
major mineral occurrences. Source data are documents originating from Office of Minerals and
Energy Resources and its predecessors and from various mining/mineral exploration companies.
Mines – Selected Mines and Resources. To display location and characteristics of selected
significant mines and mineral deposits within South Australia. Used in prospectivity assessment.
Source data are documents originating from Office of Minerals and Energy Resources and its
predecessors and from various mining/mineral exploration companies.
Indigenous Protected Areas. This dataset details the declared Indigenous Protected Areas (IPA)
across South Australia through the implementation of the Indigenous Protected Areas Programme.
The IPA Programme is part of the National Reserve System (NRS) Programme which aims to establish
a network of protected areas which include a representative sample of all types of ecosystems
across the country. Through this program, Indigenous landowners are being supported to manage
their lands for the protection of natural and cultural features in accordance with internationally
recognised standards and guidelines for the benefit of all Australians. The IPA Programme and NRS
Programme are part of the Australian Government's Natural Heritage Trust. More information can
be found from the following website:
http://www.deh.gov.au/indigenous/ipa
This dataset can be used to show the locations of Indigenous Protected Areas for conservation
purposes. Through the IPA Programme, as new declarations are made ERIN has continued to
produce spatial boundaries of all IPA's. In 2006 ERIN updated the IPA datasets to comply with the
Collaborative Australian Protected Areas Database (CAPAD) as IPA's are included in CAPAD.
Geology. Surface geology of Australia 1:1,000,000 scale, South Australia. Compiled from the latest
published 1:250 000-scale and some 1:100 000-scale geological maps. modified to incorporate
results of recent research by PIRSA in the Olary Domain. Much of South Australia is covered by
Cenozoic regolith, mainly sand plains, dunes, playas and colluvium, with lesser silcrete, calcrete and
laterite.
Exploration Licence Applications for Minerals and/ or Opals. Location of all current mineral and/or
opal Exploration Licence applications issued under the Mining Act, 1971. Exploration Licences
provide exclusive tenure rights to explore for mineral and/or opal resources for up to a maximum of
5 years. Comment is sought on applications for Exploration Licences from numerous sources before
granting. Exploration programs are subject to strict environmental and heritage conditions.
Exploitation of identified resources must be made under separate mineral production leases and/or
precious stones claims. Exploration Licence application boundaries were sourced from the official
Mining Register licence application documents. Licence application boundaries are legally defined to
follow lines of latitude and longitude. The register has existed since 1930.
Exploration Licences for Minerals. Location of all current mineral Exploration Licences issued under
the Mining Act, 1971. Exploration Licences provide exclusive tenure rights to explore for mineral
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resources for up to a maximum of 5 years. Comment is sought on applications for Exploration
Licences from numerous sources before granting. Exploration programs are subject to strict
environmental and heritage conditions. Exploitation of identified resources must be made under
separate mineral production leases. Exploration Licence boundaries were sourced from the official
Mining Register licence documents. Licence boundaries are legally defined to follow lines of latitude
and longitude. The register has existed since 1930.

Expired Exploration Licences for Minerals and/or Opals. Location of all expired mineral
Exploration Licences issued under the Mining Act, 1971. Exploration Licences provide exclusive
tenure rights to explore for mineral resources for up to a maximum of 5 years. Comment is sought
on applications for Exploration Licences from numerous sources before granting. Exploration
programs are subject to strict environmental and heritage conditions. Exploitation of identified
resources must be made under separate mineral production leases. Exploration Licence boundaries
were sourced from the official Mining Register licence documents. Licence boundaries are legally
defined to follow lines of latitude and longitude. The register has existed since 1930.

Expired Exploration Licences for Minerals. Location of all expired mineral Exploration Licences
issued under the Mining Act, 1971. Exploration Licences provide exclusive tenure rights to explore
for mineral resources for up to a maximum of 5 years. Comment is sought on applications for
Exploration Licences from numerous sources before granting. Exploration programs are subject to
strict environmental and heritage conditions. Exploitation of identified resources must be made
under separate mineral production leases. Exploration Licence boundaries were sourced from the
official Mining Register licence documents. Licence boundaries are legally defined to follow lines of
latitude and longitude. The register has existed since 1930.
Tenement – Mining Act 1971. Location of all tenements issued under the Mining Act, 1971. The
types of tenement are:
1. Extractive Mineral Lease (EML) - An EML entitles the lessee to carry out mining operations
specified in the lease for the recovery of extractive minerals.
2. Mineral Claim (MC) - An MC provides an exclusive right for 12 months to prospect for
minerals within the claim area (conditions apply).
3. Mineral Lease (ML) - An ML entitles the lessee to carry out mining operations specified in the
lease for the recovery of minerals other than extractive minerals.
4. Miscellaneous Purposes Licence (MPL) - An MPL may be granted for any purpose ancillary to
the conduct of mining operations, for example an operating plant, drainage or an access
road.
5. Private Mine (PM) - PM tenements were declared prior to the Mining Act, 1971 and are
subject to specific conditions.
6. Retention Lease (RL) - An RL entitles the lessee to retain the lease area for future mining
operations where, for economic or other reasons, the lessee is justified in not proceeding
immediately.
The tenement type SML (Special Mining Lease) relates to the Olympic Dam mine, which is
administered under the Roxby Downs (Indenture Ratification) Act, 1982. Departmental hardcopy
tenement records are the primary data source. These records are derived from information supplied
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by applicants. Applicant information is often schematic and the scale of the final document is
determined by the most appropriate scale maps available at the time. Applicant information and
associated records used for this project date back over the last 30 years. The source date is
dependent upon the date of application. The dataset contains an accuracy description for each
tenement. From time to time, applications are confirmed by field staff using GPS.
Tenement Applications - Mining Act, 1971. Location of all tenement applications lodged under the
Mining Act, 1971. The two types of tenement application are:
1. Mineral Claim Application (MCA) - An application for a Mineral Claim (MC), which when
registered provides an exclusive right for 12 months to prospect for minerals within the
claim area (conditions apply).
2. Miscellaneous Purposes Licence Application (MPLA) - An application for a Miscellaneous
Purposes Licence (MPL), which may be granted for any purpose ancillary to the conduct of
mining operations, for example an operating plant, drainage or an access road.
Departmental hardcopy tenement records are the primary data source. These records are derived
from information supplied by applicants. Applicant information is often schematic and the scale of
the final document is determined by the most appropriate scale maps available at the time.
Applicant information and associated records used for this project date back over the last 30 years.
The source date is dependent upon the date of application. The dataset contains an accuracy
description for each tenement. From time to time, applications are confirmed by field staff using
GPS.
Other Restricted Lands. Restricted Lands such as army bases and areas restricted by law.
Precious Stone Fields. Location of Precious Stones Fields proclaimed under the Mining Act, 1971.
Precious Stones Fields are the only areas in South Australia where claims are able to be pegged for
prospecting and mining of precious stones, particularly opals. There are restrictions to mineral
exploration within these areas. Precious Stones Fields are proclaimed in the South Australian
Government Gazette. Boundaries are defined by latitude and longitude and were captured by
keyboard entry of the coordinates.

DIGITAL TERRAIN MODELS
Shuttle Radar Topography Mission. The Shuttle Radar Topography Mission (SRTM) obtained
elevation data on a near-global scale to generate the most complete high-resolution digital
topographic database of Earth. SRTM consisted of a specially modified radar system that flew
onboard the Space Shuttle Endeavour during an 11-day mission in February of 2000. SRTM is an
international project spearheaded by the National Geospatial-Intelligence Agency (NGA), NASA, the
Italian Space Agency (ASI) and the German Aerospace Center (DLR). For Australia, absolute height
error is 6.0 metres; relative height error is 4.7 metres. Resolution outputs available, are 1 arc second
(30 metre), 3 arc seconds (90 metre) and 9 arc seconds (250 metre).
ASTER Digital Terrain Model. The Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) is an advanced multispectral imager that was launched on board NASA’s Terra
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spacecraft in December, 1999. The Digital Elevation model created from this sensor has an absolute
error less than 7 metres, a relative error less than 10 metres and a horizontal resolution of 30
metres.
Topography - Contours 50,000. Data layer includes 10 metre contours covering the agricultural
areas of South Australia. Can be used for mapping and modelling the land surface within scale
limitations. Features were originally captured by analog photogrammetric techniques based on 1:80
000 scale aerial photography and surveyed ground control for the standard 1:50 000 mapping
program. The reproduction material was subsequently scanned, the data vectorised and processed
through standard procedures to clean and code the data. The tile based data was processed, edgematched and converted to GIS format.
Topography - Spot Heights 50k. Data layer represents elevation points which have been captured to
record high or low points not indicated by standard contour lines. Can be used as a general
indication of these features within the agricultural areas of South Australia. Features were originally
captured by analog photogrammetric techniques based on 1:80 000 scale aerial photography and
surveyed ground control for the standard 1:50 000 mapping program. The reproduction material
was subsequently scanned, the data vectorised and processed through standard procedures to clean
and code the data. The tile based data was processed, edge-matched and converted to GIS format.

LAND CHARACTERISATION DATASETS
Agricultural Land Cover Change datasets - Land cover themes 1990. One hundred and fifty eight
Landsat Thematic Mapper scenes for 1990 (1991 in the Australian Capital Territory, New South
Wales and Queensland) and 1995 were used in conjunction with vegetation and a range of ancillary
data sets by State agencies and BRS to establish:
* the extent of woody vegetation (native and exotic vegetation greater than or equal to two
metres tall with greater than or equal to 20 percent crown cover) in Australia's more
intensively used agricultural areas in 1990/91;
* the rates of clearing of this woody vegetation and tree planting 1990/91-1995, and the
reasons for clearing and planting; and
* the types and biomass of vegetation cleared.
Remote sensing has provided a spatially accurate and reliable estimate of the rates of clearing 19901995 for the Northern Territory, South Australia, Tasmania, Victoria and Western Australia and for
1991-1995 for the Australian Capital Territory, New South Wales and Queensland. The data is
available in 250m, 100m and 25m grids.
2001 Eyre Peninsula Land Use, South Australia. This dataset contains the land use classes of the
Eyre Peninsula, for 2001. The land uses were obtained from fieldwork, and where polygons were
inaccessible, image interpretation (Landsat 7 ETM+, 1:50000 mapping accuracy) was used. The land
uses (lu_code) were collected in the Australian Land Use and Management (ALUM) classification
(version 4). The digital cadastre database (scale:1:10 000-1:50 000, date: 01-01-1997) was entered
with land use data that was obtained from field work and image interpretation. Features such as
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lakes and rivers were obtained from SA land cover data (scale: 1:40 000, date: 01-01-1997), and
overlaid onto the land uses. Vegetation polygons obtained from the SA land cover dataset and Far
West Eyre Peninsula native vegetation cover (scale: 1:250 000, date: 01-01-1990) were overlaid onto
land cover grids (scale: 100 000, date: 01-01-1995) and vegetation classes determined and added.
Heritage Agreement Areas were next overlaid (scale: 1:40 000, date: 15-10-1999). The final dataset
to be added was Collaborative Australian Protected Area Database (CAPAD) (scale: 1:50 000, date:
01-06-1999) data, to produced the final land use dataset. From field verification (16th July - 4th
October 2001), for the 1001 sites randomly selected over the whole of the Eyre Peninsula, an
average accuracy of 96% was obtained.
Land Use Generalised. This layer is a general parcel based land use based on the valuation
information and the valuation parcel boundaries. The land use code from the valuation has been
categorized into nineteen broad classes. This data set has been derived from the digital cadastre
boundaries and therefore positional accuracy will vary with the accuracy of these boundaries.
Interim Biogeographic Regionalisation of Australia (IBRA) and IBRA sub regions. Interim
Biogeographic Regionalisation for Australia represents a landscape based approach to classifying the
land surface of Australia across a range of environmental attributes. The Regions have been
developed to assess and plan for the protection of biological diversity. The regionalisation forms a
hierarchy with State based Subregions being grouped to form Regions. The environmental
associations of SA were digitised from the maps as published in reports in 1977 by CSIRO. The
survey approach used was a modified form of integrated reconnaissance survey, refer to
Environments of SA Handbook for more information. Mapping was based on landsat imagery and
involved compilation of existing published research and interpretation of landsat imagery. Field
work was generally limited to checking mapping rather than collection of new data. Two scales were
used for mapping, 1:250 000 in the agricultural region and 1:1 000 000 in the pastoral region and
sparsely populated areas. The boundaries have then been re-interpreted based on IBRA regions
(version 4), satellite imagery, geological data, topographical data and vegetation mapping. The State
border boundaries are based on standard map grid from AUSLIG data updated in Mar 2008. The
coastline is based on DEH coastline data current to 2008 that has been derived from 1:50,000 orthorectified imagery dated between 2003-2006 and includes offshore islands. As part of version 6.2
within the rangelands the boundaries have been re-interpreted based on the pastoral land system
mapping to replace the revised CSIRO data. This mapping has used landsat imagery, geology and
vegetation data as part of the delineation process.
Natural Resource Management Regions. The Natural Resources Management Boundaries define
the area of responsibility for each of the State's eight NRM Boards. These Boards are responsible for
the planning and management of the region's Natural Resources and will undertake many of the
roles formally performed by the Catchment Water Management Boards, Soil Conservation Boards,
Animal and Plant Control Boards etc. This dataset was constructed by combining existing datasets
such as Catchment Water Management Board and Hundred boundaries. The new boundaries were
repeatedly modified and adjusted until they were topologically coincident with the South Australian
Digital Cadastral Database.
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Land Parcel Boundaries. The PARCEL database is a copy of the State's Digital Cadastral Data Base
(DCDB) and is a graphical representation of all the legal land parcel boundaries that exist within
South Australia. It comprises approximately 854,000 land parcels, together with their legal
identifiers. Lots and Units shown in Strata Plans and Community Plans are not included, and can be
accessed from the DCDB - STRATA _PLAN database. The PARCEL database is the fundamental
reference layer for spatial information systems in South Australia. Used for land administration,
mapping and spatial analysis purposes generally. It can be linked to other databases either spatially
or through the parcel identifier. The cadastre was acquired during a four-year period (1984-1988) by
digitising cadastral boundaries from the best available mapping. The scale of the source mapping
ranged from 1:792 in the City of Adelaide to 1:100,000 in rural areas. Most data was captured from
maps at scale 1:2,500 in urban areas (400,000 parcels), and 1:10,000 or 1:50,000 in rural areas and
islands (350,000 parcels) with the remainder in pastoral areas being sourced from Transport SA..
Hundreds. This layer is a cadastral division used for land parcel segregation. It is at a coarser scale
than the land parcel database. One hundred can have many land parcels. It was intended that each
division should contain approximately 100 square miles.
Australia Dryland Salinity Assessment Spatial Data (1:2,500,000) - NLWRA 2001. The maps
represent a compilation of dryland salinity risk and hazard mapping for 2000, 2020 and 2050. The
map shows the broad distribution of areas considered as having either a high salinity risk or a high
salinity hazard. In southern Australia where groundwater level and trend data are available,
assessments that are more confident have been possible. The bulk of non-agricultural areas in
Western Australia, South Australia and western New South Wales were considered to have a very
low salinity risk and were not assessed. Areas of risk are based on groundwater levels and air photo
interpretation. The data show actual areas where dryland salinity or water tables less than 2 meters
have been measured. Every delineated area is underpinned by either air photo data or by one or
more groundwater bores. The area at risk is conservative due to limitations in the air photo and bore
data.
The year 2000 was derived from areas of secondary salinity mapped by the South Australian
Department of Primary Industries and Resources. Secondary salinity is the salinisation of land and
water resources due to land use impacts by people, and includes that due to watertable rises from
dryland management systems or irrigation systems. The South Australian estimates of current
extent are better estimates of affected land than exist for other states. A linear trend was applied
over the 50 year period - based on the trends to the Year 2000. Year 2020 and 2050 - Predictions
from the South Australian DPIR based on extrapolation of field survey and groundwater trend data
from representative catchments across agricultural regions.
South Australia - Dryland Salinity Risk - 2000 to 2050. Areas of the state currently affected and at
risk to dryland salinisation. The dataset includes areas currently affected by dryland salinisation, and
predicted risks for years 2025 and 2050. Current dryland salinity areas were interpreted from aerial
photography and existing topographic data. Some additional areas were digitised from topographic
base maps. Areas thought to be at risk from dryland salinity by 2025 and 2050 are based on
watertable trends, topography and professional judgement.
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Australian Nested Catchments and sub Catchments. A nested set of sub-catchments and
catchments for Australia. The catchments have been determined from the version 2 of the 9-second
continental Digital Elevation Model (DEM) produced by CRES for AUSLIG. The revised DEM
overcomes significant deficiencies in the drainage structure of the first DEM.
When amalgamated, the new catchments show close but not complete agreement with the
Australia's River Basins data from AUSLIG 1997. There are discrepancies in the Western Drainage
Division. There are also some minor discrepancies in some catchment boundaries.
The sub-catchments and catchments are supplied in the form of a single ARC/INFO grid, with grid
spacing of 9 arc seconds, and an associated attribute table defining the sub-catchments according to
four minimum area thresholds - 2.5 km2, 25 km2, 50 km2 and 500 km2. The National Land and
Water Resources Audit funded the compilation of the data. The Centre for Resource and
Environmental Studies at the Australian National University undertook the development of the
database. The ANUDEM program produced a grid of flow direction for each of 44 tiles in the 9
second DEM corresponding to standard 1:1 million topographic map series. The tiles were joined
smoothly by deriving two new grids consisting of eastern and northern components of unit flow
direction vector by taking respectively the sine and cosine of flow direction (in radians). The tiles for
eastern and northern components were separately merged using the ARC/INFO GRID MOSAIC. A
merged flow direction grid was computed by taking inverse tangent of ratio of each merged
northern component to each merged eastern component. The resulting flow direction angles were
reclassified into standard ARC/INFO codes for flow direction.
Set of automatic procedures were developed to correct identified deficiencies in flow direction grid,
consisting of closed loops, crossing flow paths and poor connectivity. Closed loops in flow direction
grid prevent ARC/INFO GRID FLOW ACCUMULATION from completing and were removed by defining
one cell in each closed loop as a sink. Neighbouring grid cells with crossing diagonal flow directions
were corrected by re-directing the flow direction of cell with lowest accumulated upstream area to
lowest neighbouring grid cell with lower elevation. The poor connectivity of sub-catchments was
improved by identifying zones, or "tails", within sub-catchments that were defined using minimum
area threshold of 2.5km2. The sub-catchment membership of such zones was redefined by altering
flow direction of lowest grid cell in zone to neighbouring sub-catchment seed in direction of greatest
downhill slope. If neighbouring seed uphill it was still selected if cell was lower than all upstream grid
cells. The procedure for deriving the nested sub-catchments was repeated for each of specified
minimum area criteria (2.5km2, 25km2, 50km2 and 500km2). GRID FLOW ACCUMULATION was
applied for upslope contributing area for each grid cell. Determining sub-catchment seeds by grid
cells with an increase in upslope contributing area = or > than specified threshold. Defining subcatchments, for each stream link with GRID WATERSHED. Assign membership to grid cells with no
sub-catchment membership, (areas less than specified minimum threshold) were assigned to either
basins defined by GRID BASIN for 2.5km2 sub-catchments or to final sub-catchment defined by
immediately smaller area threshold. Sub-catchments defined with minimum area > 2.5km2: linked
sink catchments merged with stream sub-catchments of immediately smaller area threshold to
larger stream sub-catchment to which smaller sub-catchment belongs and merge small stream subcatchments below area threshold with downstream sub-catchment until catchment outlet is
reached. Iteratively combine each remaining sink catchment with area < specified threshold with
lowest neighbouring sub-catchment, starting with highest catchments, until combined area is = or >
specified threshold or sink catchment was combined with a stream sub-catchment. Join coastal
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catchments smaller than specified area threshold with neighbouring small coastal catchment until
combined area reaches the threshold and if neighbouring catchment was not within a different river
basin as defined in AUSLIG (1997). Basins were derived by assigning to coastal pour-point cells the
basin number from River Basins of Australia (AUSLIG 1997) converted to 9 second grid by POLYGRID.
To define Lake Eyre Inland Drainage basin, grid cells with an elevation value equal to lowest point (<15m) were added as seeds. Basins were then computed by WATERSHED. Grid cells within
catchments of inland sinks (and therefore not included within a defined basin) replaced by 500 km2
sub-catchment grid values. These sink catchments were merged with lowest neighbouring
catchment using same procedure as nested sub-catchments. Procedure continued until all sink
catchments were associated with either coastal basin or Lake Eyre drainage basin.
Australian National Gravity Database 0.5 minute Onshore Gravity Grid July 2008. The 2008 gravity
grid over Continental Australia is derived from onshore observations recorded at approximately 1.4
million gravity stations held in the Australian National Gravity Database (ANGD) by Geoscience
Australia (GA). The onshore data were acquired by the Commonwealth, State and Territory
Governments, the mining and exploration industry, universities and research organisations from the
1950s to the present day. Continental Australia has a basic station spacing coverage of 11
kilometres, with South Australia, Tasmania and part of New South Wales covered at a spacing of 7
kilometres. Victoria has station coverage of approximately 1.5 kilometres. Recent Federal, State and
Territory Government initiatives have funded systematic infill at a grid station spacing of 2, 2.5 or
4 kilometres to provide improved coverage in areas of scientific or economic interest. Other areas of
detailed coverage have been surveyed by private companies for exploration purposes. Over the
continental region only open file data as held in the ANGD at May 2008 were used in the creation of
the grid. The data values contained in the grid are spherical cap Bouguer gravity anomalies over
Continental Australia. The onshore spherical cap Bouguer gravity anomalies were calculated using a
density of 2.67 tm-3. These data gridded using a variable density gridding technique provided by the
INTREPID Geophysics software package. The data were gridded to a cell size of 0.5 minutes of arc =
0.00833333º (approximately 800m). Data accuracy has been measured at 5 µms-2, maximum error
100 µms-2 onshore, with data precision at 1 µms-2.
Radiometric Map of Australia. Dataset shows the surface distribution of potassium, uranium and
thorium over 80 per cent of the continent. Almost all the gamma-rays detected near the Earth's
surface result from the natural radioactive decay of these three elements, while their distribution
indicates a lot about the relative age, stability, composition and processes which have helped to
create the Australian landscape. The new radiometric map has been produced by combining more
than 550 survey grids range from 50 m through to 800 m, but most have a cell size of about 100 m.
The original survey grids were levelled and then re-sampled, using minimum curvature onto the
Radiometric Map of Australia grids with a cell size of about 100 m (0.001 degrees). The original
individual surveys were conducted using low flying aircraft and helicopters to measure the gamma
radiation emitted from the rocks and soils below. The map reveals the distribution of bedrock and
regolith materials at a national scale, but has sufficient detail to show variations at local scales.
More information on its development can be found here:
http://www.ga.gov.au/minerals/research/national/radiometric/
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IMAGERY DATASETS
Landsat TM Imagery. The thematic mapper (TM) is an advanced, multispectral scanning, earth
resources sensor designed to achieve higher image resolution, sharper spectral separation,
improved geometric fidelity, and greater radiometric accuracy and resolution than that of the
previous sensors. This sensor also images a swath that is 185 km (115 miles) wide, but each pixel in a
TM scene represents a 30 m x 30 m ground area, except in the case of the far-infrared band 7, which
uses a larger 120 m x 120 m pixel. Pass over by the sensor is every 16 days.
The TM sensor has seven bands that simultaneously record reflected or emitted radiation from the
Earth's surface in the blue-green (band 1), green (band 2), red (band 3), near-infrared (band 4), midinfrared (bands 5 and 7), and the far-infrared (band 6) portions of the electromagnetic spectrum. TM
band 2 can detect green reflectance from healthy vegetation, and band 3 is designed for detecting
chlorophyll absorption in vegetation. TM band 4 is ideal for near-infrared reflectance peaks in
healthy green vegetation, and for detecting water-land interfaces. TM band 1 can penetrate water
for bathymetric (water depth) mapping along coastal areas, and is useful for soil-vegetation
differentiation, as well as distinguishing forest types. The two mid-infrared bands on TM are useful
for vegetation and soil moisture studies, and discriminating between rock and mineral types. The
far-infrared band on TM is designed to assist in thermal mapping, and for soil moisture and
vegetation studies.
We have collected Landsat imagery for the Eyre Peninsula over the following areas (see belowgreen areas are Landsat coverage area) from August to October for the 1999-2009 growing seasons.
The number of images collected within a year was depending on the degree cloud cover within the
image.

Cleve/Kimba

Port Lincoln/Tumby Bay
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MODIS Imagery. MODIS (or Moderate Resolution Imaging Spectroradiometer) is a key instrument
aboard the Terra (EOS AM) and Aqua (EOS PM) satellites. Terra's orbit around the Earth is timed so
that it passes from north to south across the equator in the morning, while Aqua passes south to
north over the equator in the afternoon. Terra MODIS and Aqua MODIS are viewing the entire
Earth's surface every 1 to 2 days, acquiring data in 36 spectral bands, or groups of wavelengths.
These data will improve our understanding of global dynamics and processes occurring on the land,
in the oceans, and in the lower atmosphere. MODIS is playing a vital role in the development of
validated, global, interactive Earth system models able to predict global change accurately enough to
assist policy makers in making sound decisions concerning the protection of our environment. This
sensor also images a swath that is 2,330 km (cross track) by 10 km (along track at nadir). Spatial
resolution is 250m (bands 1-2), 500m (bands 3-7) and 1000m (bands 8-36). We have collected 250
m resolution MODIS imagery in a 16 day composite form over 1,140 kilometres covering the Eyre
Peninsula and SA agricultural area (see below- grey area is MODIS coverage area). This composite
made up of 16 days of imagery ensures essentially cloud free datasets. Twenty four (24) images
have been collected for each of the years from 2000-2009.

OTHER EYRE PENINSULA DATASETS
Airfields. Latitude and Longitude of Airfield locations in the EP region.
Bridges. Latitude and Longitude of Airfield locations in the EP region.
Towns. Latitude and longitude of EP towns.
Built up Areas. Boundaries of town areas within the EP region.
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Rail yards. Latitude and Longitude of rail yards locations in the EP region.
Roads. Major and minor roads within the EP region. The dataset represents navigable roads,
including public and private access roads and tracks. Can be used as a framework layer for spatial
analysis and mapping within South Australia. The dataset has been compiled from a combination of
road centreline data and topographic road data.
Roads – Unformed. Data layer includes surveyed road corridors which do not contain a navigable
road or track. Can be used for analysis or mapping of road centrelines which form part of the
cadastre but which are not constructed. Defined from the SA cadastral database.
Coast Line. Layer includes an interpretation of the mean high water mark for the coastal zone of
South Australia. Can be used as a general indication of this feature within SA.
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ATTACHMENT 18 - LAND CONDITION MONITORING USING
REMOTE SENSING INFORMATION
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Remotely sensed erosion vulnerability
to support regional management
1 Introduction
In this project fortnightly Land Condition Index (LCI) maps were produced from 2000 to 2012 for the
two study areas, the Eyre Peninsula (EP) and Murraylands (ML)1. The LCI is a remotely sensed index
of soil exposure produced from 500-m MODIS nadir BRDF-adjusted reflectance (NBAR) satellite data.
The LCI was developed and evaluated over three collaborative projects between The University of
Adelaide in collaboration and the South Australian Department of Environment, Water and Natural
Resources (DEWNR), culminating in an Australian Research Council Linkage Project (LP 0990019)
(Clarke et al. 2011).
To support regional management the a measure of erosion vulnerability was, as opposed to an index
of soil exposure, was desired. Furthermore, it was felt that such a measure should produce
estimates of erosion vulnerability similar to the current DEWNR erosion vulnerability reporting
method. To this end, the LCI was converted to fractional soil exposure (frS) with the empirical LCI-soil
exposure relationship reported by Clarke et al. (2011). Fractional soil exposure maps were then
converted to erosion vulnerability by declaring a critical soil exposure thresholds, above which an
image pixel was considered to be vulnerable to erosion. Erosion vulnerability maps were produced
for three critical soil exposure thresholds (50 %, 60 % and 70 % soil exposure), and the results were
compared to results from the current DEWNR erosion vulnerability reporting method. This
established that an LCI erosion vulnerability threshold of 60 % most closely replicates the historical
erosion vulnerability reported by DEWNR.
All image maps produced in this project (LCI, fractional soil exposure, and erosion vulnerability) are
available for stakeholder use.
1

In this document the area referred to as Murraylands is geographically similar to the South Australian Murray
Darling Basin Natural Resource Management Region (SA MDB NRM Region).
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2 Method
2.1 MODIS imagery
Complete temporal coverage of MODIS NBAR imagery was acquired from the start of the MODIS
archive (19 February 2000) to 9 June 2012. The MODIS NBAR image product corrects for viewing
geometry and surface roughness effects, and each NBAR image is a composite of MODIS images
from a 16 day period. In total 248 NBAR images were acquired and analysed in this project. The first
date of each image composite, the 'image start day' is presented in Table 1.
Table 1. Image start day for all MODIS NBAR image composites acquired and analysed in this project.

Approx day

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

(Gregorian)
1 Jan
17 Jan
2 Feb
18 Feb
6 Mar
22 Mar
7 Apr
23 Apr
9 May
25 May
10 Jun
26 Jun
12 Jul
28 Jul
13 Aug
29 Aug
14 Sep
30 Sep
16 Oct
1 Nov
17 Nov
3 Dec
19 Dec

2.2 Pre-processing and LCI image index creation
The MODIS Reprojection Tool (MRT) was used to transform the base MODIS NBAR images from the
supplied sinusoidal global projection to the South Australian Lamberts Conformal Conic projection.
Next, any pixel containing a null or erroneous value in any band was removed (set to null) in all
bands. Finally, the LCI image index was calculated according to Equation 1,
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(1)
where R1.6 and R2.2 are reflectance factors from MODIS bands 6 and 7 at 1.628 – 1.652 μm, and 2.105
– 2.155 μm respectively.

2.3 Conversion of LCI to fractional soil exposure (frS)
The relationship between LCI and field fractional soil exposure(frS) derived by Clarke et al. (2011)
(Equation 2) was applied to create maps of frS for each image-date in the 2000 – 2012 study period.
(2)

2.4 Creation and evaluation of erosion vulnerability index
Field based monitoring of and reporting on soil erosion risk in South Australia assumes that soils
become vulnerable to erosion when cover drops below a threshold level. In the field-based erosion
protection field survey (EPFS) a categorical "Cover Rating" system is used, and categories are defined
by their erosion protection potential, rather than their fractional cover. However, there is a
relationship between the EPFS categories and frS. The EPFS Cover Rating ranges from 1 (completely
covered, corresponding to 0 % frS) to 8 (completely exposed 100 % frS). In this system a Cover Rating
of 5 or higher is considered "vulnerable to erosion", and anecdotally this corresponds to
approximately 50 % frS.
A MODSI image-index of erosion vulnerability was created by rating each pixel in each frS image-date
as either 'not vulnerable to erosion' or 'vulnerable to erosion' based on whether frS was above an
erosion vulnerability threshold. In addition to the 50 % frS threshold obtained anecdotally from the
EPFS, 60 % frS and 70 % frS thresholds were investigated.
To determine appropriateness of each threshold level the 'MODIS proportion of land protected from
erosion' was calculated from the MODIS erosion vulnerability index, and was compared to the
'Proportion of EPFS filed survey sites protected from erosion'. MODIS proportion of land protected
from erosion was calculated as the proportion of pixels in that region below that erosion
vulnerability threshold. Proportion of EPFS field survey sites protected from erosion was calculated
as the proportion of EPFS sites within that region with Cover Ratings of 4 or lower, i.e., not
vulnerable to erosion. The MODIS index was calculated for all image dates, and the EPFS index was
calculated for each of the four annual surveys.
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To ensure a fair apples-to-apples comparison, these statistics were calculated for the DEWNR EPFS
Eyre Peninsula and Murraylands reporting regions (Figure 1).

Figure 1. DEWNR Erosion Protection Field Survey reporting regions.

3 Results
3.1 Evaluation of erosion vulnerability 50 %, 60 % and 70 % fractional
soil exposure thresholds
The graphs in this section allow evaluation of the potential of different MODIS LCI erosion
vulnerability thresholds to replicate historical EPFS field survey derived records of erosion
vulnerability. MODIS LCI erosion vulnerability thresholds of 50 %, 60 % and 70 % were investigated
(Figures Figure 2, Figure 3, and Figure 4 respectively).
All three figures show the same general pattern, with the smallest proportion of both regions
vulnerable to erosion in August or September of all years, and the greatest proportion of land
vulnerable between November and April. It is also worth noting that both the MODIS and EPFS
clearly record the effect of the especially dry 2002-03, and 2006-07-08 seasons on soil cover, by
recording greater soil exposure during these periods.
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Similarities aside, an erosion vulnerability threshold of 50 % appears to consistently over-estimate
erosion vulnerability, as compared to the EPFS (Figure 2). At this threshold, the MODIS index records
longer periods of greater erosion vulnerability than the EPFS. Conversely, at the erosion vulnerability
threshold of 70 % the MODIS index records shorter periods of much lower erosion vulnerability than
the EPFS for both the Eyre Peninsula and Murraylands regions (Figure 4).
While an erosion vulnerability threshold of 60 % does not exactly replicate the proportion of land
vulnerable to erosion predicted by the EPFS, it does come closer than either the 50 % or 70 %
thresholds. The 60 % threshold is therefore recommended for the MODIS LCI derived erosion
vulnerability index.
It should be noted here that the MODIS LCI index and the EPFS collect erosion vulnerability
information in fundamentally different ways, and that it may therefore be unreasonable to expect
exact congruence in reporting statistics.

Figure 2. MODIS Land Condition Index (LCI) derived proportion of land protected from erosion for an erosion
vulnerability threshold of ≥ 50 % soil exposure, versus DEWNR Erosion Protection Field Survey (EPFS) derived proportion
of sites protected from erosion. Note, the MODIS index is produced every 16 days, while the EPFS is conducted four
times a year.
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Figure 3. MODIS Land Condition Index (LCI) derived proportion of land protected from erosion for an erosion
vulnerability threshold of ≥ 60 % soil exposure, versus DEWNR Erosion Protection Field Survey (EPFS) derived proportion
of sites protected from erosion. Note, the MODIS index is produced every 16 days, while the EPFS is conducted four
times a year.

Figure 4. MODIS Land Condition Index (LCI) derived proportion of land protected from erosion for an erosion
vulnerability threshold of ≥ 70 % soil exposure, versus DEWNR Erosion Protection Field Survey (EPFS) derived proportion
of sites protected from erosion. Note, the MODIS index is produced every 16 days, while the EPFS is conducted four
times a year.
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3.2 Example map of erosion vulnerability
Maps of annual erosion vulnerability were produced from the LCI for the period of the MODIS
archive (12 in total). Each map covers a 12 month period from peak cover in one year (1-September),
to peak cover in the following year (31-August), was produced at the 60 % erosion vulnerability
threshold, and reports erosion vulnerability as the number of days each pixel was vulnerable to
erosion. The most recent map is presented here (Figure 5).
These maps provide a clear illustration of the spatial distribution of erosion vulnerability at a
regional scale, and can clearly highlight areas that consistently perform above or below average.

Figure 5. MODIS Land Condition Index (LCI) erosion vulnerability (in days vulnerable to erosion) for the peak cover
to peak cover period 01-Sep-2011 to 31-Aug-2012, for an erosion vulnerability threshold of ≥ 60 % soil exposure.

4 References
Clarke, K., Lewis, M., Dutkiewicz, A., Forward, G., & Ostendorf, B. (2011). Spatial and temporal
monitoring of soil erosion risk with satellite imagery. The University of Adelaide, Land condition
monitoring reports, Report 4, Adelaide.

Adapted future landscapes - Attachments

ATTACHMENT 19 - LANDSCAPE FUTURES ANALYSIS TOOL
(LFAT) BROCHURE
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Landscape Futures Analysis Tool
ABOUT LFAT
The Landscape Futures Analysis Tool (LFAT) enables
users to consider how their region may change
under different combinations of climate, carbon
and agricultural commodity prices, and the cost of
agricultural production. It provides a sound base,
rooted in good science, for ‘climate-ready’ planning for
biodiversity conservation, carbon sequestration, weed
management and agricultural production.
The computer-based tool is highly interactive. Although
it quickly computes hundreds of calculations to
analyse complex interactions, it is fast and easy to use,
generating clear maps and reports in seconds. It can
readily generate 256 alternative scenarios of the future,
drawing on different combinations of:
• Climate – four options, from ‘baseline’ through to
‘severe warming and drying’.

• Agricultural commodity prices – four options for
wheat, wool and sheep meat, from 50% to 200% of 2012
prices.
• Cost of production – four options, from 50% to 200% of
2012 commodity prices.
• Carbon prices – four options, from $15 to $60 per
tonne CO2.
It can also project future distributions for about 400
native plant and 70 weed species, based on alternative
climate scenarios.
LFAT has been developed by the University of Adelaide
and the CSIRO, in collaboration with regional Natural
Resource Management (NRM) bodies and other
interested parties.
The Tool can be found at www.spatialonline.com.au/LFA/’

GETTING STARTED

Envisioning
LFAT produces options, not an ‘answer’. It is important
that users start with a shared vision of the future, so
they have a good sense of where they are headed and are
able to decide between options. An envisioning process
brings groups of people together and draws out explicit
shared values, providing a strong foundation for tough,
adaptive, joint management decisions. Values such as
community, inclusiveness, respect for local knowledge
and recognition of aesthetic qualities often surface
through the process.

These values, translated into indicators of progress,
enable LFAT users to assess which combination of future
climates, agricultural profitability and carbon prices
seem most likely to bring their vision into being. This is
an iterative process that provides a genuine framework
for learning through doing. In this way, the best scientific
data and scenarios come together to show the options
that include how people really want to enjoy their lives in
their region.
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GETTING STARTED

Climate ready planning
Communities wanting to be proactive in dealing with
climate change in a ‘carbon economy’ (where carbon
has a value), are interested in adaptation (avoiding
risks and making the most of opportunities) and
mitigation (reducing emissions of greenhouse gasses and
sequestering carbon).

The resilience of agricultural production systems, the
communities that have developed around agriculture,
and local flora and fauna must be understood, together
with their capacity to adapt or change. Any risks arising
from revegetation for carbon sequestration must also be
analysed.

LFAT AND NRM PLANNING

Planning questions
Some common critical issues for regional ‘climate ready’
NRM planning are:
• Resilience of agricultural production systems,
including weed management.

LFAT can run appropriate analysis and generate maps
such as species distributions (as shown below) and
refuge ‘hot spots’.

• Resilience of local biodiversity, including weed
management and the connectivity between habitats.
• Revegetation for carbon sequestration, biodiversity,
and/or production purposes – and any risks arising,
e.g. reduced water run-off or decline in agricultural
productivity.
Those issues raise some generic questions affecting
biodiversity conservation, agricultural productivity,
weed management and carbon sequestration – and
their interactions in different climate, carbon price
and agricultural profitability scenarios. The Landscape
Futures Analysis Tool can analyse the issues and generate
information as maps or reports that enable NRM planners
to then make well-informed decisions.

Biodiversity

The LFAT information means that planners can make
decisions such as:

Generic questions include:
• How will the distribution of different species vary
under alternative climate scenarios?
• Which localities will become important refuge areas?
• Where will corridors be needed to help the retreat or
migration of species?
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• Conservation priorities – localities that will be critical
biodiversity refuge areas.
• Vulnerable species – species that will become more
or less vulnerable and warrant more or less targeted
effort for survival.
• Strategic corridors – localities that link conservation
hot spots, or provide for the retreat or migration of
vulnerable species.
• Revegetation recommendations – lists of species
recommended for planting in different localities.
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LFAT AND NRM PLANNING

Weed Management
Generic questions include:
• How will the distribution of different weeds vary under
alternative climate scenarios?
LFAT can run appropriate analysis and generate maps
such as species distributions. The LFAT information
means that planners can make decisions such as:
• Weed control priorities – species, in specified localities,
that will require increased effort in surveillance for
early detection and eradication or control.
• Weed management program reviews – species that will
no longer warrant high expenditure in control due to
reduced (or vastly increased) viability.

Carbon sequestration
Generic questions include:
• In which localities will carbon sequestration be
economically feasible?
• If land in different localities is devoted to carbon
sequestration, what (if any) risks will arise for water
resources, biodiversity, town fire risk or agricultural
productivity?

• Revegetation packages – incentives, information,
species lists and assistance needed for multi-purpose
revegetation initiatives.
• Carbon farming controls – localities and situations
where controls on land-use change or management are
warranted to avoid or mitigate any risks from carbon
sequestration to the broader landscape.

Agricultural production
Generic questions include:
• In which localities will agricultural production systems
have to adapt – and what adaptations will be most
feasible economically?
• In which localities will agricultural production systems
(or land-use) have to make substantial change – and
what changes will be most feasible economically?
LFAT can run appropriate analysis and generate maps and
reports such as agricultural production and agricultural
value, along with temperature and rainfall projections.

LFAT can run appropriate analysis and generate maps
such as sequestration potential, carbon value,
biodiversity benefit, risks to salinity, fire, soil erosion,
groundwater recharge areas and wetlands, plus ‘go/no go
zones’.

The LFAT information means that NRM and land-use
planners can make decisions such as:
• Adaptive agriculture – localities where specified
adaptations will optimise future profitability, together
with the type of information or assistance required by
landholders and key partners.

The LFAT information means that NRM and land-use
planners can make decisions such as:
• Carbon farming – localities and situations to be
targeted in carbon farming initiatives, and the partners
to be involved.

• Alternative production – localities where specified
changes in production systems will optimise future
profitability, together with the type of information
or assistance required by landholders and the key
partners.
• Research priorities – information gaps to assist with
adaptations and changes in production systems.
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LFAT AND NRM PLANNING

Landscape
Generic questions include:
• What balance of carbon sequestration, agriculture and
conservation is likely in different localities?
LFAT analysis can generate maps and reports showing
land use and management options that meet specific
natural resource management objectives. The LFAT
information means that NRM and land-use planners can
make decisions such as:
• Communication and collaboration – partners to engage
in sharing information and planning how to assist
landholders in different localities to make optimal
decisions on how they use and manage their land and
other resources.

• Land use controls – localities and situations where
controls on land-use change are warranted to avoid
or mitigate any risks to the broader landscape or
community.

Summary
The Landscape Futures Analysis Tool helps answer
questions about the future, through the complex analysis
of many factors to generate simple, easily interpreted
maps or reports.
Armed with information from LFAT, regional NRM
planners can make well-informed decisions, based on
sound science, to help ready their region for climate
change and the carbon economy.

Carbon value distribution
under severe climate
change and a carbon price
of $60/tonne CO2-e.

To view LFAT:
www.spatialonline.com.au/LFA/’
OUR PARTNERS

More information
Prof. Wayne Meyer,
Director, Landscape Futures Program,
University of Adelaide – Waite Campus, PMB 1, Glen Osmond, SA 5064
e-mail: wayne.meyer@adelaide.edu.au; phone: +61 (0)8 8313 8110
Dr Brett Bryan
Principal Research Scientist
CSIRO Ecosystem Sciences, PMB 2, Glen Osmond, SA 5064
e-mail: brett.bryan@csiro.au; phone: +61 (0)8 8303 8581
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