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We recommend using this approach to inform ‘Step 4:
Develop a strategic approach to climate adaptation’ and
‘Step 5: Design interventions to maintain values’ in The
NRM Adaptation Planning Framework: six steps to
transform NRM planning under global change (Ryan et al.
2016)
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Executive Summary
This project sought to develop and trial a process to
help regional natural resource management (NRM)
organisations plan responses to the challenges of
climate change based on the simple idea that not
all adaptation decisions have to be made in the next
planning cycle. In particular, decisions and actions
can be staged over time in a way that is responsive
to experienced environmental change, risks,
information, values and other societal factors. And
critically, some strategic near-term decisions may
make later difficult adaptation decisions easier to
implement in a timely manner.
The project provided an opportunity to learn about
managing key NRM issues under climate change,
and also about the use of an ‘adaptation pathway’
approach to learning about planning for climate
change. Twenty people from seven regional NRM
organisations participated in the project: ACT
Natural Resource Management, Natural Resources
South East South Australia, Murray and Riverina
Local Land Services from New South Wales, and
North East, North Central and Goulburn-Broken
Catchment Management Authorities from Victoria.
The project focused on four NRM issues that are
likely to be particularly sensitive to climate change.
Each topic was nominated and ‘owned’ by one lead
NRM body:
1. Ecological Fire Management: balancing
asset protection and hazard reduction –
ACT
2. Protection of remnant terrestrial
vegetation and restoration of over-cleared
vegetation types – NECMA, Vic
3. Land-use transitions in dryland agriculture
– Murray LLS, NSW
4. Groundwater management – SENRM, SA.
Participants explore the possible long-term
trajectories for the issues and various management
responses. Most of the analysis was conducted in a
two-day workshop, held in Albury on 31st March

and 1st April, 2014, which revolved around
developing and analysing adaptation pathways for
each of the topics. Some preparatory analysis and
post-workshop
documentation
was
also
undertaken by the lead NRM bodies.
The workshop took participants though steps to:







understand the current system and how it
might possibly change under significant
levels of climate change
anticipate significant changes in
management decisions that might be
required
analyse the barriers to making different
decisions, particularly associated with
values, rules and knowledge
analyse key issues with the timing of key
decisions (the time taken to be confident a
change is needed, to make and implement
change, and to achieve a desired outcome)
scope actions that could be undertaken in
the near term to enable future
management decisions in response to
climate change.

The workshop was fast-paced and introduced a set
of ideas that were new to many people. It was
definitely hard work for the participants and
facilitators, however, it was also very productive.
This report includes:





a description of the adaptation pathway
analysis conducted for each of the topics,
documented collaboratively by the
workshop participants and the project
team
a brief discussion of some key lessons
about adaptation that were gained
through the project
some interim guidance for NRM groups
and facilitators who might be considering
developing and trialling adaptation
pathway approaches.
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The report seeks to cover both the core adaptation
concepts underpinning adaptation pathways, and
some critical social factors that need to be
considered in the design and implementation a
learning-oriented adaptation process.
This project found that various concepts being
introduced, and the deliberative workshop space,
provided substantial opportunities for the
participants and project team to learn about
adapting to climate change. Subsequent to this
project several NRM groups and the project team
have conducted further pathway analyses.

The descriptions of the adaptation pathway
analyses in this report are provided to document
the nature of the deliberations that took place in
this particular adaptation pathway process, and to
highlight the broad insights that can be revealed.
They reflect the information and perspectives
available in the room on the day. They are not
official or definitive analyses of those particular
NRM issues.

The process was run for NRM bodies and the
research team to trial the adaptation pathway
process, assess what types of insights about
adaptation might be revealed, and explore
particular adaptation issues. As such these analyses
were preliminary explorations of the NRM issues.
At times information and expertise that would have
been informative were not available in the
workshop, and while all participants were mindful
of the diversity of preferences of different
stakeholders, the perspectives available in the
workshop were only those of the mixture of
individuals present.

Exploring Adaptation Pathways in the Murray Basin

7

1. Responding to climate change with adaptation
pathways
1.1 Introduction
Future climate change is likely to have significant
impact on crops, pastures, native species and
ecosystems across Australia, with substantial
implications for their management (Howden et al.
2009; Stokes and Howden 2010; Dunlop et al. 2011;
Steffen et al. 2009). Changes in carbon dioxide
concentration, averages and extremes of
temperature, and amount, intensity, seasonality
and extremes in rainfall together have the potential
to drive numerous changes in individual species in
all natural and agricultural ecosystems. These in
turn are likely to cause a cascade of impacts on
ecological processes, such as fire regimes,
hydrology and micro-climate regulation, net
primary production and plant-plant competition,
through to plant-insect interactions and habitat
provision, which will drive yet more impacts on
individual species (Dunlop and Brown 2008).
Globally, in response to the relatively modest
amount of climate change that has already
occurred, ecological changes are already beginning
to be observed in natural and agricultural systems
across the planet, and managers are beginning to
respond (IPPC 2014). However, responding to the
magnitude of climatic and environmental changes
in coming decades has the potential to be a
substantial
challenge,
with
changes
to
management beyond incremental adjustments
likely to be required (Stafford Smith et al. 2011;
Rickards and Howden 2012; Dunlop et al. 2013).
Widespread transformational changes to the
ecology of natural and agricultural systems are
increasingly likely, and adapting to such changes
could be beyond the ability of existing management
and decision-making systems, especially where
they are oriented towards maintaining existing
systems in the face of contemporary threats and
variation. Responding to these challenges will
require not just adjustments to management
decisions using updated knowledge about

biophysical changes, but re-evaluation of the
objectives of management, different types of
decisions and different ways of making decisions,
all in the context of evolving societal values,
expectations, understandings and institutional
arrangements (Hagerman et al. 2010; Stafford
Smith et al. 2011; Wise et al. 2014; Gorddard et al.
2016), for example to explicitly accommodate large
magnitudes of change, significant uncertainty in the
detail of that change and impacts on multiple
values associated with systems being managed
(Dunlop et al. 2013).
To address these issues, adaptation is beginning to
be reconceptualised as a ‘pathway’ with multiple
decisions responding to ongoing change
biophysical and social systems (reviewed by Wise et
al. 2014). The pathway approach has been applied
to a number of critical long-term and uncertain
adaptation initiatives around the world, including
prevention of mass flooding in the Thames estuary
in England (Reeder and Ranger 2011) and managing
the Rhine Delta in the Netherlands (Haasnoot et al.
2013). These studies have been foundational in
articulating the value of explicitly mapping out
alternative decisions over time and exploring
alternative pathways through those decisions. Wise
et al. (2014) highlight the need to develop
adaptation pathway methods for situations where
there is more socioeconomic uncertainty due to
multiple decision makers and multiple or evolving
goals, and where prevailing governance regimes
may not be conducive to transformational
adaptation. Recently Siebentritt et al. (2014)
developed and trialled an adaptation pathways
approach with a diverse group of senior
stakeholders and decision makers from a crosssection of sectors in a project in the Eyre Peninsula
in Australia.
Adapting to transformation of natural and
ecological systems will similarly involve multiple
different decision makers, conflicting and changing
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objectives and evolving institutions. This project
built on international developments in adaptation
theory and practice, in particular the Eyre Peninsula
study, to develop and trial an adaptation pathway
process with a group of natural resource
management (NRM) organisations from southeastern Australia.

1.2 The project
This project was one of a large set of projects within
an $8 million Australian Government research
program to provide information and resources to
regional NRM groups across the country to help
them update their NRM plans1. This project was
within the ‘Murray Basin’ cluster of NRM groups.
Where other projects in the cluster focused on
providing information about impacts and
adaptation related to specific NRM issues, this
project sought to build the capacity of planners to
accommodate the potential for significant amounts
of change, many uncertainties, shifting decisions,
and societal change over near and longer
timeframes.
The region
The Murray Basin region includes extensive areas of
dryland grazing (mainly sheep) and winter
cropping, and most of Australia’s irrigated crops
and pastures (especially dairy) (NLWRA 2001). Most
of the original native vegetation in the region has
been cleared, with the result that many native
species and ecological communities in the region
have been affected by habitat loss, population
fragmentation, habitat modification from grazing,
nutrients, invasive species and other disturbances
(NLWRA 2002). The nation’s capital is within the
region as well as a number of significant regional

towns and cities, and large sparsely populated rural
areas. It is mainly temperate (with winter-dominant
rainfall), but spans moist temperate/alpine in the
east to semi-arid in the west. NRM issues in the
region include soil erosion and fertility, dryland and
irrigation salinity, weeds and pests, biodiversity
loss, water quality in rivers and wetlands, and
balancing water for irrigation and the environment,
as well as maintaining the productivity and
profitability of crops and pastures. The Murray
River is one of the longest rivers in the world, with
globally significant natural areas at its headwaters
and estuary, and supporting a nationally significant
food production region on its floodplains. Climate
change has the potential to have very widespread
impacts on most of the natural and agricultural
systems in the region, exacerbating many existing
NRM issues. It will affect many communities
directly through their economic dependence on
agriculture, and others in the region (like Canberra)
whose water supplies are periodically stressed by
existing variation in rainfall, and urban edges
affected by severe wildfire.
The process
The project sought to develop and trial a process to
help regional NRM organisations plan responses to
the challenges of climate change based on the
simple idea that not all adaptation decisions have
to be made in the next planning cycle. In particular,
decisions and actions can be staged over time in a
way that is responsive to experienced
environmental change, risks, information, values
and other societal factors.
The process used in the workshop was based on
recent international and Australian experience with
adaptation pathways, as outlined above, and

1

http://www.climatechange.gov.au/reducingcarbon/grants/nrm-climate-change-impacts-andadaptation-research
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adapted for use with regional NRM groups. In
particular, it incorporated various considerations
from the practical application of the resilience
approach to regional NRM planning. The trial of the
process used four case study topics nominated by
participating NRM groups, and as primary outputs
it sought to identify a range of adaptation decisions
that may need to be made in the future, barriers to
making those decisions, important considerations
about when they are made, and actions that might
be able to be implemented in the near term either
to directly adapt to climate change or to lay a
foundation for making better adaptation decisions
when needed in the future.
The process focused on four key concepts, with
various workshop activities exploring the concepts,
and eliciting information to build and analysis
adaptation pathways for each topic. The key
concepts were:








transformation – climate change could
lead to significant biophysical changes in
the system of interest that in turn affect
how people operate in and relate to the
system (Pelling 2010)
decision focus – identifying and analysing
how people might respond to climate
change, rather than characterising the
detail of how the world might change
(Stafford Smith et al. 2011)
decision context – the evolving societal
factors that enable and constrain the
options available to decision makers and
how they choose among them (see 1.3)
(Gorddard et al. 2016)
decision timeframe – the lifetime of
decisions (lead time, time to make and
implement decisions and time to achieve
the desired outcome, Stafford Smith et al.
2011) and temporal interactions among
different decisions and between various

decisions and the rate of environmental
change.
The process used is outlined in more detail in the
following chapter. Various considerations about
these key concepts and implementing them in a
planning process, updated with the experience of
the project, are included in Chapter 4.
NRM participants in the project varied quite
considerably in the extent to which they had been
previously involved in assessments of climate
change impacts, vulnerability or adaptation
options. Some were familiar with the idea of an
adaptation pathway approach, but none had used
the approach before. Most participants had used
resilience approaches to NRM planning, some for
many years.
As well as gaining insights about the adaptation
options and the decisions and challenges
associated with the nominated NRM topics, the
project was developed as a co-learning process,
where both the participants and researchers were
jointly learning how to apply and explore the
adaptation pathways concept. Activities were
designed to:






test the adaptation pathway approach and gain
skills and insights so the approach could be
modified and applied to other NRM topics
help participants learn more about the multiple
considerations and challenges of adapting to
climate change
help the CSIRO’s team gain a better
understanding of the issues involved in
facilitating adaptation with practitioners.

1.3 Decisions and decision
context
One of the key concepts incorporated into the
adaptation pathway processes was the distinction
between particular adaptation decisions and the
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societal context within which adaptation decisions
are made. This is an explicit recognition that
decision makers’ choices are enabled and
constrained by a wide range of personal,
institutional and social factors (Gorddard et al.
2016). There is an emerging body of adaptation
theory, based on literature spanning psychology,
societal change, decision making and technology
innovation, suggesting that promoting the
evolution of decision contexts, to enable different
decisions to be made, may be at least as important
as providing analysis to support specific decisions.
This decision context perspective emphasises that
various kinds of social factors influence how
decision makers (individually and collectively)
frame problems and assess options. These can be
seen as enablers and constraints to making
decisions and their presence fundamentally
determines what options are available to decision
makers. These factors are individually and socially
derived, but they change over time – as they
change so too will the options available to decision
makers and the way they approach a problem and
assess the suitability of a given option. Evolving
decision contexts have three key consequences for
planning future responses to climate (and other)
large changes. First, the choices a present-day
decision maker might make about a future situation
are likely to be different from those that a future
decision maker might make, even if the set of
options was the same. Second, new options might
become available to future decision makers that
are not available to present-day decision makers.
Third, decisions can be made now to actively
change the decision context and shape the set of
decision options available in the future.
In this project we used the construct of values, rules
and knowledge (vrk) being three domains that
interact to define the options available to decision
makers. To make a decision a decision maker needs
knowledge about the likely impact of different

decision options, the options need to deliver or
protect community (or personal) values, and the
options need to be legal and conform to
organisation guidelines and social norms (the
rules). These three domains are very strong in their
structuring of available options, but they are also
dynamic and interact with each other such that
changes in one can lead to changes in another. For
example, if a certain set of values is not being
considered in an analysis, rather than seeking to
clarify and present those values, a ‘vrk perspective’
might ask what rules and knowledge are at play to
exclude those values. Similarly, one should expect
that a change in rules could rapidly lead to new
values being expressed and information being
created for use in decision making.
Decision contexts evolve in response to past
problems and are effective for today’s problems
where the problems are somewhat similar to those
of the past. Where tomorrow’s problems are
different, there is no guarantee that today’s
evolved decision context will enable suitable
decisions. The rate at which decision contexts can
evolve and also the path dependency of evolution
of decision contexts is clearly important. If follows
that understanding how decision contexts affect
decisions and then promoting the evolution of
decision contexts is a key adaptation strategy.
The concept of decisions context, and the vrk
framework, were introduced in the workshop and
used to elicit insights about barriers to future
decisions and near-term actions that might
stimulate evolution of the decision context to
enable future decisions.

1.4 Studying the process
Special consideration was given in the design and
implementation of the project to monitoring how
participants were responding to the concepts and
processes that were being used. This included
observation of the participants by the research
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team, regular reflection by participants during the
process and evaluation after the process. For
example, participants were asked questions about
the process, what things they found easy or hard,
and what activities led to new insights or were
useful and why. Participants were fully aware that
this was participatory action research where
outcomes would be uncertain and observation of
their responses was part of the research process
(Baum et al. 2006).

Exploring Adaptation Pathways in the Murray Basin

12

2. Four NRM adaptation pathway analyses
2.1 Introduction
This project trialled the use of an adaptation
pathway approach for exploring the implications of
climate change for regional NRM planning. The
process focused on the types of decisions that may
need to be made in response to transformational
change in aspects of NRM, factors that affect how
and when those decisions might be made, and
actions that could be undertaken in the current
planning cycle to enable future adaptation
decisions. The project was designed to help NRM
groups in various ways: enabling better
understanding of specific climate-sensitive NRM
issues, developing content and priorities for
adaptation plans, building the capacity to
undertake further adaptation pathway planning
processes, and building a deeper understanding of
climate adaptation. Project activities provided
opportunities to learn about managing key NRM
issues under climate change and about processes to
generate that learning.

influence of multiple decisions, likely to be affected
by climate change leading to significant impacts on
how they are managed, and where there is a longterm component to the management of the topic.
They could have been production, environmental
or community focused topics. In choosing the
decision areas consideration was given to balancing
the breadth of each topic (so it was more relevant
to other NRM groups and other NRM issues) and
specificity (to make it easier for the groups to
readily work through the adaptation pathway
process). The chosen topics and their stewarding
groups were:
1. Strategic ecological fire management:
balancing asset protection and hazard
reduction – ACT
2. Protection of remnant terrestrial vegetation
and restoration of over-cleared vegetation
types – NECMA, Vic
3. Land-use transitions in dryland agriculture –
Murray LLS, NSW

The project was run within the Murray Cluster of
the Australian Government’s NRM Climate Change
Impacts and Adaptation Research Program.

2.2 The adaptation pathway
process
The project and the specific adaptation pathway
process were initially scoped in consultation with all
eleven of the NRM groups in the Murray Cluster.
After initial scoping, four NRM groups nominated to
select topics for the process and steward the
development of the pathways before, during and
after a workshop. The groups selected a range of
topics, termed ‘decision areas’, from which a final
four were selected to match the interests of the
wider set of NRM groups involved in the project.
The intent was for decision areas to be natural
resource issues of current importance, under the

4.

Groundwater management – SENRM, SA.

Once selected the groups prepared some
preliminary information about the decision areas,
to start thinking about the first activities in the
workshop, and to ensure participants came to the
workshop with the information and colleagues they
needed. The information included:
A) Focusing on the present:





What is the decision area [a specific place, type
of place, an NRM issue]?
What are the current services and benefits from
the system relating to the decision area [what
benefit, for whom, when]?
What is the current management regime?
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What are the likely drivers of future change
arising from climate change, and other key
drivers of change?

B) Thinking about how it might change:





What are the feasible alternative states or
outcomes for that decision area (not desirable
states per se, just biophysically feasible under
the drivers and/or alternative management)?
What services and benefits would result from
the decision area under each future outcome?
What future management regimes would be
needed to maintain it in that state delivering
the desired services?

The core activity of the project was a two-day
workshop held in Albury on 31st March and 1st April
2014. Twenty participants from seven NRM groups
attended: ACT Natural Resource Management,
Natural Resources South East South Australia,
Murray and Riverina Local Land Services from New
South Wales, and North East, North Central and
Goulburn-Broken
Catchment
Management
Authorities from Victoria. In the workshop, a
separate table group developed an adaptation
pathway for each of the chosen decision areas.
Each day was a mixture of short breakout/table
group sessions and whole-group discussions,
leading the groups through following themes:
1. Describe the current state of the system, how it
is managed and the benefits or services flowing
to the community from the system being
managed in that state.
2. Identify climate and other drivers that could
lead to significant change from the current
state of the system.
3. Describe plausible future alternative states that
might arise from the combined influence of the
drivers of change and new management
regimes. The alternative states could be

markedly different points on a continuum of
change or discretely different states.
4. Identify one or more key decisions that would
be required to transition how the system is
managed as it moves towards each alternative
state.
5. Identify the potential barriers to those
transition decisions being made, and assess
them with the values-rules-knowledge
framework (vrk): that is, assess whether the
barriers relate to knowledge gaps, community
values or institutional factors. Similarly, identify
enablers and potential triggers for the
decisions.
6. Identify the decision lifetime for each of the
decisions, by assessing the lead time required
before a decision is made, the time to make
and implement a decision, and the time to
achieve the desired outcome once a decision is
implemented.
7. Identify any interdependencies among different
decisions or among decisions and specific
climate change impacts or other events.
8. Analyse alternative pathways though the
decisions.
9. Identify actions that could be undertaken in the
near term to underpin future decisions that
could lead to transformation.
10. Discuss what has been learnt about the
adaptation issues, adaptation more generally,
and the adaptation pathway process.
A slightly modified version of the workshop agenda
is included in Appendix A .
As well as learning about adaptation options for
specific NRM topics, the researchers aimed to learn
about the experience and process of developing the
adaptation pathways, how to improve the process
and how NRM groups could use them in planning.
To facilitate this, some of the discussions during
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and after the workshop were focused on the
process itself. The groups were asked to document
their adaptation pathway deliberations and any
implications they identified for planning, and
provide a diagram summarising various aspects of
the process. Collation and editing of the
documented adaptation pathways, in the sections
below, was completed by the project team.
Although each group worked though the same
overall process at the same time, they varied in how
they implemented each activity, the nature of
discussions and how the deliberations were
recorded. As such there is some variation, around a
broadly consistent structure, in the detail of how
each adaptation pathway is documented.

workshop, and while all participants were mindful
of the diversity of preferences of different
stakeholders, the perspectives available in the
workshop were only those of the mixture of
individuals at the workshops.
The descriptions below are provided to document
the nature of the deliberations that took place in
this particular adaptation pathway process, and
highlight the broad insights that can be revealed.
They reflect the information and perspectives
available in the room on the day. They are not
official or definitive analyses of those particular
NRM issues.

2.3 Important caveat
The analyses reported below are the results of the
adaptation pathway exercises conducted in the
two-day workshop. They are based on the
information available to participants at the time,
and often from their experiences and recollections
rather than reference sources. For most issues
participants with relevant expertise were available,
but there were still gaps in knowledge. For this
exercise, those gaps were not documented in
detail; the emphasis was on completing the
process, to discover what could be learnt from such
a process. The exercises were undertaken in this
project with the shared intent that, if useful, similar
exercises would need to be undertaken in-house or
with a wider pool of expertise and more complete
documentation before being used in planning.
This process was run for NRM bodies and the
research team to trial the adaptation pathway
processes and assess what types of insights about
adaptation might be revealed, as well as exploring
particular adaptation issues. As such these analyses
were preliminary explorations of the NRM issues.
At times information and expertise that would have
been informative were not available in the

Exploring Adaptation Pathways in the Murray Basin

15

2.4 ACT bushfire management

transformations in strategic bushfire management
across south-eastern Australia.

2.4.1 Context

Future issue

Adaptation issue
This adaptation pathway focused on managing
bushfire risks in the ACT. The core issue was
designing strategies to balance hazard reduction
for life and property alongside protection of
conservation values. Some fuel management
strategies have unclear benefits for controlling
bushfires, as well as unclear impacts on native
biodiversity, particularly in remote wilderness
areas reserved primarily for ecological values (e.g.
Namadgi National Park). Increasing frequency and
intensity of bushfires as a result of climate change
would be likely to lead to rising community anxiety
and growing demand for prescribed burns to
reduce fire hazards.
Contemporary issue
Current fuel management strategies are effective in
managing low intensity fires, but do not greatly
reduce the risks of rare catastrophic bushfires that
pose the greatest hazard to life and property.
Researchers are currently testing how native
ecosystems and associated fire fuel targets have
responded to fire history in the ACT in order to
develop ecologically appropriate fire management
guidelines that explicitly optimise hazard reduction
and conservation outcomes.
In January 2003 the ACT experienced a very severe
bushfire event culminating in the losses of four lives
and ~500 houses, as well as the burning of 164,000
hectares (70%) of land in the Territory. Several
inquiries in the years following the fire, together
with the Victorian Black Saturday fires (7 February
2009) and their subsequent Royal Commission,
have stimulated a period of reassessment and
ongoing
change,
potentially
leading
to

In the future, it is likely there will be more
catastrophic bushfires in the ACT, therefore
government spends considerable time and
resources determining how best to prevent,
prepare, respond and recover. Climate change
could exacerbate a number of fire risk factors, such
as increases in temperature, evaporation rates,
extreme weather events and vegetation growth
rates (e.g. fuel accumulation), as well as contracting
seasonal windows available for prescribed burns.
These changes will likely lead to increases in the
frequency and/or intensity of bushfires, including
potential for catastrophic events.
Long-term decisions
Strategies to manage bushfire risks are
underpinned by a complex and evolving mix of
scientific knowledge, societal values and
government initiatives (e.g. legislation, strategic
guidance, operational plans). As such, significant
change in bushfire strategies can take many years
to develop. In addition, implementation of some
strategies could be protracted, for example,
widespread adoption of changes in fire-related
construction codes is limited by the renewal rate of
housing developments.

2.4.2 Description of the current state
Current state
Bushfires play an integral role in ACT landscapes
due to the extensive coverage of fire-prone native
vegetation, including dry forest, woodland and
grassland communities. Nevertheless, since the
introduction of the Bushfire Act 1936, which
governed bushfire management and promoted fire
as a management tool, loss of life and property has
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been isolated to catastrophic bushfires occurring in
1951–52 (2 lives lost) and 2003 (4 lives lost, ~500
homes destroyed, 315 homes damaged). In total,
six notable bushfires have burned over ~280,000
hectares of ACT land since the 1930s2.
Currently in the ACT there are many small planned
fires, and some small unplanned fires, but large and
severe unplanned bushfires are very rare. Planned
fires tend to be low intensity surface burns in
spring/autumn, positioned close to people to
strategically reduce fuel loads. Unplanned bushfires
are highly variable in intensity (low to extreme),
type (ground, surface or crown), size and
frequency. Unplanned fires ignited by humans are
most frequent in summer, small in size, and occur
close to people. Unplanned bushfires ignited by
natural causes (e.g. lightning strikes) vary in size,
occur less frequently (clustered around storm
events) and are often in remote areas.
Management
For this analysis we chose pre-2003 management as
the ‘current’ state. Bushfire management falls into
four phases: prevention focuses on fuel
management (e.g. prescribed burns, grazing,
slashing, physical removal), access management
(e.g. construction of fire trails, helipads), land-use
planning and operational planning; preparedness
focuses on
training
people,
and the
appropriateness of equipment, systems and
institutions; response focuses on firefighting
capacity, systems and communication; and
recovery focuses on rehabilitating loss by people,
property and the environment.

2

1938–39 (~60,000 hectares), 1951–52 (2 lives and
13,000 hectares), 1982–83 (33,000 hectares), 1984–85

Benefits
The current regime of bushfire occurrence and
management results, in the vast majority of years,
in minimal loss of life, low losses to property and
good maintenance of ecological values. The
majority of losses have resulted from a single large
fire event, the likes of which at present might occur
every 40 years; even then there were remarkably
few lives lost given the number of houses
destroyed.

2.4.3 Drivers of change
Climate change and urban development could both
significantly change the nature of bushfire risks to
people and biodiversity. Climate change is expected
to increase the frequency and intensity of regional
bushfires, posing direct risks to human settlements
and native ecosystems. Expansion of urban
development into heavily wooded rural areas (e.g.
to the south or west) would increase human
exposure to bushfire impacts, and could also lead
to fragmentation of largely intact and contiguous
forest habitats. Based upon experiences from the
2003, widespread catastrophic bushfires also have
significant impacts on ecosystem services, such as
by reducing water quality across catchments.

2.4.4 Alternative future states
Going into the workshop, participants for this topic
described a series of alternative states according to
different management regimes. They encompassed
these broad sentiments:
a) maintaining ‘status quo’ fire and/or
ecological management practices, which
results in increasing fire-related impacts

(10,000 hectares), 2001 (510 hectares), 2003 (4 lives,
500 houses and 164,000 hectares)
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on the community and conservation
assets
b) intensifying fire and/or ecological
management practices to maintain
historic fire regimes and/or existing
ecological values in the face of
increasing bushfire risks
c) adopting transformation approaches to
fire and/or ecological management in
the face of significant and inevitable
increases in catastrophic bushfire risks.
At the workshop, participants started defining
states by fire regimes, with increasing frequency of

catastrophic bushfire events, for example (Figure
2.1):
i) generational events (~25 years)
ii) decadal events (~10 years)
iii) interannual events (~1–3 years).

Participants recognised it would be useful to
consider more states, but these three provided
them with a starting point for exploring the
construction of adaptation pathways.
At the workshop, participants focused on the
implications of management regimes ‘a’, ‘b’ and ‘c’
(above); Figure 2.1):

Figure 2.1 Adaptation pathways for strategic fire management in the ACT
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Management regime ‘a’ continues with current
management practices despite growing bushfire
risks, which might result in increasing loss of life and
property as well as ecological degradation.
Management regime ‘b’ intensifies management to
maintain existing fire regimes and ecological
communities. Examples of this approach include:
implementing new ecological thresholds for hazard
reduction burning (based on observed vegetation
and wildlife responses to fire), building water
treatment plants to ensure water quality after
bushfire-driven erosion events, implementing more
‘no go’ zones for housing, modifying fuel
management in areas currently managed for
ecological values (e.g. Namadgi National Park),
implementing a ‘Get Out’ policy for when
catastrophic bushfires occur, etc. Management
regime ‘c’ represents more transformational
approaches to fire and/or ecological management.
Examples of transformational fire management
practices might include ‘totally risk averse’
approaches to life and property issues, such as:
creating large buffer zones between people and the
bush, revising building codes, increasing
‘hardscape’ (e.g. eliminating vegetation in more
areas), and even potentially considering not
extending expired rural leases in unsafe areas.
Alternatively, transformational approaches to
ecological management might include redesigning
conservation objectives to manage for ecosystem
functions and novel ecological communities, rather
than persistence of existing community types.
In the workshop, participants did not have time to
define each management regime in terms of the
four phases of bushfire strategy, prevention,
preparedness, and response and recovery elements
of emergency management, but this could be done
in future follow-up workshops.

2.4.5 Transition decisions
Participants explored the implications of three
decisions marking transitions between different
pathways. These were regarded as comparatively
‘easy’, ‘moderate’ and ‘hard’ decisions,
respectively.
a. Implementing Appropriate Ecological Fire
Thresholds (i.e. easy). Existing thresholds for
the minimum timing between burns within
individual ecological communities is based
upon a conservative estimate of twice the
time to reproductive maturity for either
dominant vegetation or obligate threatened
species (depending upon whichever is the
limiting factor). The impacts/benefits of
these proposed thresholds are currently
being tested through extensive wildlife and
vegetation surveys within areas of known
bushfire severities and/or known prescribed
burn frequencies.
b. Implementing a ‘Get Out’ Policy (i.e.
moderately difficult). The national
emergency management guidelines have
shifted to promoting a ‘Get Out’ policy
rather than the previous ‘Stay or Go’ policy
(i.e. prepare, stay and defend, or leave
early). Communication materials and social
networks are already in place to promote a
new bushfire policy, but these resources
would need to be adopted by the ACT
Government then integrated into local
communication networks and Emergency
Services messaging. Ultimately, the biggest
challenge may be convincing people to
abandon their properties to foster broader
community safety.
c. Implementing Buffer Zones on Public Lands
(i.e. very difficult). Under a totally risk
averse scenario, the ACT might recommend
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increasing the size and extent of physical
buffers between residential areas and the
bush. Larger buffers would impact the size,
condition and ecological representation of
the existing reserve network, given most
buffers would probably be created on public
lands. Depending upon the anxiety around
bushfire impacts, there could be
considerable public concern around creating
large buffers within reserves. To enact these
changes, variations to the Territory Plan and
the Strategic Bushfire Management Plan
would be required.
Barriers to implementing transition decision
Barriers were analysed using the ‘values, rules,
knowledge’ framework (vrk). The primary barriers
to transitions were identified, respectively, as:
a. appropriate ecological fire thresholds (k)
b. community values about individual rights
versus community safety (v)
c. public perception of reserves; revising urban
planning codes (v, r).
Additional barriers that were discussed more
generally include:
– ‘active’ versus ‘passive’ management; fuel

management versus conservation (v)
– identifying triggers, but possibly not
necessary (k)
– securing appropriate funding (v)
– adaptive capacity of organisations and
individuals (k, r).
Decision lifetimes
The time that might be required for each phase of
the decisions – time needed to change, time
needed to decide/implement, time to outcome –
was, respectively:

a. 0 years, 1 to 2 years, 1 to 100 years: total =
2 to 100 years
b. 1 to 2 years, 1 year, 5 to 10 years: total = 7
to 13 years
c. crisis + 1 to 2 years, 5 to ‘n’ years, 3 to 5
years: total = 9 to ‘n’ years.
Interdependencies
The following dependencies were identified for
each decision, respectively:
a. budgets for scientific research to identify
ecological fire thresholds
b. future severe fire events driving community
demand for an alternative approach
c. future severe fire events driving community
demand for an alternative approach.

2.4.6 Assessing alternative adaptation
pathways
Alternative pathways
Participants discussed the need to transition from
one pathway to another when the original
approach was judged undesirable, and that this
could be done through proactive decisions or
reactively after the original approach ‘fails’.
Participants identified the most likely reactive
transitions would be in response to the occurrence
of an extreme bushfire event. The severe fires of
2003 are an example of this: although there was
awareness of the possibility of catastrophic
bushfire affecting urban areas, the occurrence of a
major regional crisis led to rapid and significant
changes in policy and practice being enacted. After
2003, fire management budgets increased by two
orders of magnitude, water treatment facilities
were built to deal with post-fire reductions in water
quality, and major policy changes were enacted
(e.g. Fire and Emergency Services Act 2005;
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Strategic Bushfire Management Plan). Proactive
decisions would need to be made in anticipation of
changes in the likelihood of extreme fire events;
these could be based on recommendations from
previous regional coronial enquiries, regional
climate forecasts and possibly emerging fire
weather (which might be too late).
Critical decisions
In discussing the nature and impact of different
decisions, participants were surprised by the
extended lifetimes of most decisions, regardless of
whether they initially appeared to be relatively
‘easy’ or ‘hard’.
Re-assessing future states
Participants discussed whether any of the original
alternative states now appeared less feasible or
desirable in the context of the set of pathways. Only
a small number of states were selected for
developing pathways, with emphasis on more
feasible states, so there were not many to drop out.
However, maintaining current management
practices into the long-term future seems less
likely: given the probability of a future extreme fire
event is likely to increase with climate change, and
such events are almost always followed by changes
to fire management, the question becomes
whether a transition from the current pathway will
take a more proactive or reactive course.

2.4.7 Near-term actions
Participants discussed the implications for nearterm planning from analysis of the pathways, in
particular those decisions which are key to
switching between pathways. Discussion focused
on pathway decisions that could be made in the
near term, as well as activities that might help
enable future decision making by addressing
identified vrk barriers.
New scientific guidance is currently being
developed to help guide fire management based on
appropriate ecological thresholds for native flora
and fauna. This should be quick to implement (1–2
years), however, assessing outcomes from using
this approach will take significant time due to
protracted ecological response times.
Societal values were identified as a critical factor
shaping
future
approaches
to
bushfire
management, enabling or inhibiting certain
pathways, and it was thought that values may
change on longer lifetimes than knowledge or rules.
This pointed to the possible need for proactive
near-term initiatives that might enable community
reassessment of values to catalyse future changes
in approaches. Extreme events or crises often lead
to widespread reassessment of values creating a
window of opportunity for changing approaches,
even if rule (policy) changes ultimately occur after
events.

Decision timeframe

2.4.8 Discussion

Participants discussed the prospects and benefits
from actively delaying or advancing key decisions.
This group considered three decision timelines,
representing what we expected to span ‘easy’,
‘moderate’ and ‘difficult’ to implement. All of them
generally took longer times than most political
cycles, fiscal planning cycles, and sometimes even
organisation life spans.

Reflecting on the adaptation pathway process the
participants made the following observations.
What have we learnt about our system?
 Decisions to change fire management policies
and practices often have significant lead and
lag times, particularly when timeframes are
assessed on outcomes.
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Crises (e.g. the 2003 fires) can present an
important window of opportunity for
implementing management changes (e.g.
reassessment of policy prescriptions, planning
priorities, operational methods, community
values).
Charting explicit adaptation pathways,
including decision contexts and timelines, is
possible in a matter of days with relevant
expertise and this new approach.
Identifying future decision ‘triggers’ and
monitoring them is a convenient concept, but
in practice we often need to make decisions
before triggers can be identified.

bushfire or seek to undertake more proactive
reassessment and reforms.

Factors affecting decisions (v, r, k)
 Community values often came up in our group
as the factor most likely to determine which
pathway might be followed: it was a significant
enabler/inhibiter of key decisions and changes
in values could take a long time or an extreme
event to materialise.
Timing of decisions
 Participants intended to do further analyses to
address questions about timing, such as: when
do we need to make decisions (e.g. proactively
versus reactively), can we safely delay hard
decisions, or can we bring some inevitable
decisions forward? To get familiar with the
adaptation pathway planning process in the
workshop, they proposed uniformly proactive
versus reactive decision contexts, as opposed
to considering potentially more realistic hybrid
models.
Which future decisions do we need to focus on?
 A key decision for future transformative
changes in fire management will be whether to
wait for the next (inevitable) catastrophic
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2.5 Changes to management
of native vegetation in
northern Victoria
2.5.1 Context
Adaptation pathways in this analysis focused on the
management of native vegetation, in particular the
management of vulnerable and endangered
vegetation communities on private land. These
communities are already under pressure from
clearing, fragmentation, grazing, nutrient addition,
weeds and pests and altered fire regimes. Climate
change will potentially lead to significant increases
in pressure on these communities through changes
in agricultural land use, direct climate impacts on
species
and
ecological
processes,
and
establishment of new native and alien species. Over
time, such changes could affect the feasibility of
current management approaches.
Priorities for protection of remnant terrestrial
vegetation and restoration of over-cleared
vegetation types are typically determined by
regional, state or federal investors. Building
landscape resilience to future climates could
require improving connectivity, establishing buffers
and reducing threats to remnant vegetation, all of
which will help give native ecosystems the best
possible chance of autonomous adaptation.
However, under worst case climate-change
scenarios, some highly vulnerable communities
may not be able to persist in their present form.
Investment planning needs to consider whether a
point exists at which we must manage them for
their functions and services, and consider other
forms of intervention (i.e. species translocation)
where current conservation values cannot be
maintained. At what point do we (society) decide
when to redirect investment? How do we know if
we are throwing good money after bad?

Current best management practice in restoration
and revegetation is the use of species that are
naturally (or were historically) found at a site and in
that landscape position, and in particular the local
provenances (the locally specific variety of a
species). This is done to ensure restored vegetation
is suited to site conditions and provides appropriate
habitat and resources for local fauna, and to
promote conservation of those local types. This
adaptation pathway analysis looked at how the
mixtures of species and provenance used in
revegetation projects may need to change, and
when, to maximise the adaptive potential of the
new ecosystem and the species it supports under
future climates. Key challenges to be
accommodated in such planning include
uncertainty about the rate of change of specific
climatic variables (including extremes), the impact
of climate change on species that are currently
planted, how local fauna and other flora may
change, and values strongly held by local
communities
and
investors
about
the
appropriateness of planting different species.
Targeted revegetation of cleared areas with local
species can improve the biodiversity value of
remnant vegetation by improving patch size and
buffering patches to reduce the impacts of edge
effects. It can also provide functional connections
for species movement and gene flow between large
patches to increase the resilience of native species
to climate change. Fauna responses to improved
vegetation structure (i.e. establishment of canopy)
can occur within a decade, but for long-term
benefits to be realised, established populations
need to be viable and able to regenerate and persist
in future climates. Therefore restoration will be
much more effective if it anticipates future changes
in climate, as opposed to attempting to respond
once declines in habitat are observed.
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2.5.2 Description of the current state

Values and services provided by native vegetation

The current management of the system revolves
around protecting and restoring existing remnants
of native vegetation with the intention of
maintaining their species compositions and
ecological functions (Table 2.1). A variety of
regulations and management techniques are used
to protect existing vegetation from clearing and
degradation, to restore degraded patches and
revegetate selected areas.

Native vegetation provides habitat for a range of
native species and delivers ecosystem services such
as water filtering, water storage, pollination for
crops, timber products (in commercial use areas),
and carbon storage (Table 2.1). In highly
fragmented landscapes, small patches of remnant
vegetation may have a lower habitat value in their
own right, but may serve an important connective
function, allowing species to move between larger
core patches.

Table 2.1 Summary of the current state and its management, drivers of change and benefits and services

STATE (BIOPHYSICAL)

MANAGEMENT

Most investment from
CMAs directed towards
relictual fragmented
vegetation on private
property



Management to
reduce threats (e.g.
weeds, pests,
livestock grazing
management)

Grassy woodland example:



Revegetation (use of
local provenance of
existing species)



Numerous threats from
adjacent woodlands



Isolated; lack of gene
transfer; lack of
recruitment; limitations
on dispersal









Invasive species;
competition; limits
recruitment
Intensification of
surrounding land uses
(primarily exotic species
dominated)
Distributed widely across
the Murray Basin
Condition varies greatly
between and within
regions



Restricting clearing
(by regulation)



Species-focused
actions (e.g.
reintroductions)



Use of iconic species
to engage
communities



Management to
improve quality of
habitat for particular
target species



Maintaining and
increasing habitat
connectivity

DRIVERS


BENEFITS AND
SERVICES

Increase in
heatwaves
(increased
evaporation,
impacts on
revegetation,
remnants
stressed,
particular species
impacted)



Increased fire
frequency and/or
severity



Rainfall:
increased
extremes, decline
in averages and
change in
seasonality



Increase in annual
average
temperatures



Native vegetation
is the
photosynthetic
basis of food chain
for native species



Recreation



Agricultural
production
services, e.g.
shelter, pollination



Water filtration
and storage



Amenity



Carbon, nutrient,
gas exchange



Intrinsic
conservation
values



Firewood (personal
and commercial),
timber, honey and
other commercial
products from
native vegetation
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Some of these values and services are the result of
specific species, others could be provided by nonlocal native species, or even by alien species.
However, a change from local species does involve
a change in the bundle of values and services
provided by native vegetation, and could therefore
be contentious.

2.5.3 Alternative future states
Participants identified and discussed a range of
alternative future states that varied in the extent to
which they maintained current ecological
communities, species conservation, ecological
functions and carbon storage. The states, their
management, and key decisions associated with
each are summarised in Table 2.2.

2.5.4 Transition decisions and
alternative pathways
The relationship between alternative states and the
decision pathways that may lead to them is
illustrated in Figure 2.2.
Critical decisions
Managing vegetation to retain and improve
ecological functions, as opposed to maintaining
current community types and species composition,
was identified as a critical initial decision upon
which each of the alternative pathways depended.
This decision would entail moving away from a
‘local provenance only’ approach and towards
promoting the use of a mixture of species and
provenances or ‘admixture provenancing’ (see
Broadhurst et al. 2008; Byrne et al. 2010; Breed et
al. 2013).

was needed, implement the new change, and get
the desired outcome from the change.
Agreement with partners on need for change in
provenancing guidelines could be obtained fairly
quickly (6–12 months). It may take several years (2–
3) to be able to fully implement the decision
because it may take several years for changes in
best practice to be reflected in state policy and for
nursery suppliers, practitioners and other partners
to change current practice. Improved seedling
survival might be achieved over years to decades; it
may take one to several decades for long-term
desired outcomes such as the persistence of
planted populations their provision of habitat for
other species.
Barriers to key decisions
A range of barriers were identified including:
 sectors of the community valuing local genetics
(local provenances)
 organisational arrangements and constraints
(state policy, seed supply)
 knowledge gaps:
– potential risks such as the ecological risks
associated with introducing new species
that are potentially invasive
– understanding which ecological functions
are most critical, and which most vulnerable
under climate change
– understanding what methods and species
might be effective at restoring and maintain
ecological functions
 delay in response to management changes (i.e.
effectiveness of changed management may not
be measurable for many decades).

Decision lifetimes
Participants discussed how long it might take to get
agreement that a change to choice of provenances
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Monitoring
Participants discussed a monitoring plan associated
with this change to address some of the
uncertainties, including:





Genetic sampling after 2 years to look at
diversity of surviving seedlings
Increased use of provenance trials in large
revegetation projects (typically taking 15 to 20
years to assess viability of seed produced at
maturity)
Over 15 years assess whether revegetation
populations are recruiting; and in the same
period assess whether new recruits are the
progeny of existing and planted trees (i.e.



genetic transfer between old and planted
population)
Possibly many decades (maybe 80 years) to
know whether planted populations are capable
of persisting under future climates. (We will
never be certain of long-term survival of
planted populations if climates continue to
change.)

Triggers
Discussion of the potential triggers to making key
decisions included:



seedling survival (of planted revegetation)
canopy health



viability of local provenance seed.

Figure 2.2 Adaptation pathways for native vegetation management in northern Victoria
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Table 2.2 Summary of the future states and their management and benefits and services

STATE
(BIOPHYSICAL)

MANAGEMENT

State 1:
‘STATUS QUO’



Vegetation
communities
managed with
goal of
maintaining
current species
compositions,
condition and
function

State 2:
Decrease in
function,
associated
with change in
composition
and structure





Increase investment to
maintain state (will be
more costly under a
changing climate, and
we’re already resource
limited)

TRANSITION DECISIONS

RATIONALE
(SOCIAL-ECOLOGICAL
RESPONSE TO DRIVERS)

Decision Point A:



If people value
particular iconic
species present today,
they may need to
consider where those
species may survive
best in the future



If people value the
vegetation in its
current location they
may need to consider
what different species
may survive well in the
location.



Find innovative ways to
increase participation
Understand how
management needs
will change (e.g.
revegetation
techniques)



Improve understanding
of the diversity of
societal values
associated with
biodiversity and
landscapes



Revegetation with
species suitable to
future climates (to
maximise persistence)



How far do we look
northwards and to
future climates?



Identify community
values associated with
biodiversity and
landscapes



Manage the system
with the goal of
maintaining current
composition, structure,
condition and function
which will require everincreasing resources,
and is possibly not
feasible under future
climates
Or manage the system
for critical functions as
valued by society

Decision Point A – as
above.

As above.

Knowledge required:
1. Understanding critical
functions
2. Which functions will be
lost (first) under future
climates?
3. Do we, and can we,
replace provision of these
functions (e.g. using other
species)?
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STATE
(BIOPHYSICAL)

MANAGEMENT

TRANSITION DECISIONS

RATIONALE
(SOCIAL-ECOLOGICAL
RESPONSE TO DRIVERS)

State 3:
Increase in
function,
associated
with change in
composition
and structure



Reduce weeds

Decision Point B:



Increase soil cover (and
establish better ways
to do so)



Support a range of
species that fulfil the
desired function, e.g.
pollination,
decomposition, etc.



Protect hollow-bearing
trees

In response to declining
ecological function
(observed or anticipated),
increase emphasis on
maintaining and restoring
key functions, rather
selecting suitable native
species and hoping
function follows.

Under future climates it
may not be possible
(technically or
economically) to maintain
native vegetation in its
current condition and
composition, and
maintaining a core set of
ecological functions may
be necessary to avoid
mass degradation.



Supplement
reproduction

Knowledge required:
1. Understanding critical
functions
2. Which functions will be
lost (first) under future
climates?
3. Do we, and can we,
replace these functions
(e.g. using other species)?

State 4:
‘CARBON
FUTURE’



Establish carbon
market



Change from planting
local species to high
carbon storage species



Prioritise locations with
higher carbon storage
potential

Decision Point C:
Choice between
biodiverse carbon versus
maximum carbon (based
on monocultures) –
vegetation communities
to be managed for their
carbon sequestration
values as well as, or
instead of, other values

Paying for carbon
sequestration in native
vegetation may be an
economic way to mitigate
carbon emissions and to
fund management of
native vegetation. The
value attributed to
biodiversity conservation
as opposed to carbon
storage will determine
which particular outcome
is most incentivised by
the market.
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2.5.5 Discussion
Participants discussed how this adaptation
pathway approach might be used in their
subsequent NRM planning. They identified that, if
further developed, this process could be a useful
community engagement tool to help people
envisage possible future states and explore how
different values might be affected in particular
systems and identify priority values. This would
help increase community ownership of
management decisions that are made considering
future impacts of climate change. For example, it
might be suitable to use this approach as part of
‘catchment conversations’ with the community
during development of Waterway Management
Plans in the North East catchment.
Some participants in the group, from other NRM
regions, felt that this process might be too
complicated to use as a planning tool with the
general public.
Participants discussed how the process could
usefully inform regional MERI and adaptation
plans, as the process requires the identification of
key variables to be monitored.

OUR STORY (summary, as presented at the
workshop):
A (plausible) future state: A lower functioning system
of remnant vegetation where some function of the
system has been lost due to climate-driven
decline/loss of dominant species, so non-local native
species have been introduced to try and fulfil this
function.
The journey: We need to have a monitoring program
to understand the functions being provided by the
vegetation and to identify potential changes in
function over time.
Knowledge: We need to monitor functions of interest
to know they’ve been lost (this could be habitat
provision for species x, y, z). We need to better
understand the values that people place on different
functions provided by native vegetation.
Timing: If we act now to introduce non-local native
species into existing ecosystems and environmental
plantings in order to improve their chance of
maintaining functions that are more highly valued, it
could take a decade to several decades for functions
to be restored (in the case of replacing overstorey
species, compared with several years to a decade for
shrubs/understorey species).
Benefits achieved: Some of the lost functionality is
returned; important functionality (as opposed to
composition) as agreed by community and
government stakeholders. The new communities may
not function as well they currently do or used to, but
they provide some provide a level of function and
ecological benefits and services that may not be
provided if we don’t intervene.
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2.6 Dryland agriculture in
NSW and Victoria
2.6.1 Context
This case study used the adaptation pathway
process to examine possible land-use changes in
the wheat-sheep belt of south-eastern Australia
resulting from increasing aridity. Dryland
agriculture in this zone ranges from a high
proportion of cropping, through mixed cropping
and grazing, to extensive grazing where this zone
transitions to the rangelands. The productivity of all
activities in the zone is very susceptible to
interannual climatic variability. Farmers manage
the natural high variability by adjusting areas
planted, stocking rates and production. Despite this
adaptability, it can be difficult for farming
enterprises in this zone to recover financially from
successive droughts. Cropping in lower rainfall
areas of the Murray region (NSW) typically include
canola and wheat (winter crops), but also barley,
and grain legumes (in small areas), such as lupins
and field peas. Regional climate change predictions
indicate that temperature minima and maxima and
evaporation rates will increase, with soil moisture
expected to decrease. Wind erosion is also likely to
increase, and it is expected that total annual rainfall
will decline. In dryland areas, autumn rainfall is
predicted to decrease and become more irregular,
with serious consequences for the winter crop
growing season.
Various agronomic changes are possible to
accommodate some climatic changes, for example
adjusting sowing dates and varieties, some
machinery adaptations, and use of seasonal rainfall
forecasts. However, sustained reductions in water
availability could be expected to lead to gradual
reductions in the area of land cropped and
increases in grazing (on natural or improved

pastures), with flow-on effects for farm and
regional economies and communities.
This adaptation pathway analysis focused on landuse changes and their social impacts in the sub500 mm rainfall region of southern NSW (the key
focus region for the workshop) and northern
Victoria, west of Finley and Wagga Wagga (NSW),
and Shepparton (Victoria), extending to the Mallee.

2.6.2 Description of the current state
This
region
is
predominantly
mixed
(cropping/grazing) farming; dryland crops are
exclusively winter crops, mainly wheat, with
summer cropping undertaken where irrigation is
available. Soils are mostly lighter duplex/loam, with
irrigated areas consisting of mostly clay or loam
soils. Soils are quite fragile, but reasonably wellstructured in their native state. Sodic soils are a
problem around parts of Deniliquin (where mostly
red-brown loams occur).
This region is already transitioning as a result of
changing terms of trade and (generally) ready
adoption of new agronomic technologies and
practices by farmers. Aggregation of properties,
and depopulation in some areas, is happening
naturally as a result of changes in farming practices,
but most farms are still family run. Farming
practices are also responding to climate variation
that has occurred over the last decade, even though
farmers do not necessarily engage readily in climate
change discussions.
Agronomic changes anticipated in the near term
include adoption of quick maturing varieties that
are more drought tolerant, machinery to allow
quicker and more broadscale responses to rainfall
(e.g. deeper tines), and better conservation of soil
moisture from summer rainfall events. Sustained
drying is likely to lead to an increase in grazing
systems; this transition will be a challenge in some
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areas with larger properties where fences have
been removed.



Response to drought is a key issue. In many regions
recovery from drought is very slow. In most regions,
several good years are required to allow farmers to
recover from debt accrued from drought. For
example, in Deniliquin farmers are ‘surviving but
not thriving’ after the last drought; in the Mallee
some farmers are able to remain viable by cashing
in on one to two good years in a decade.



Benefits of the system
Participants in this adaptation pathway analysis
discussed the benefits and services of the current
system based on the ‘five capitals’.
Economic





Income generation and employment
opportunities
Economy of local towns affected strongly by
local farming (e.g. 240 houses were put up for
sale in Deniliquin during the drought)
Contributions to regional economy

Physical/built







Genetic improvements in crops (e.g. demand
for more drought tolerant and hardy wheat
varieties)
Maintenance of silos, rail, roads, and other
infrastructure
Innovations in cropping practices and
technology (e.g. through precision agriculture);
the local cropping industry is typically quite
open to new technologies
Maintenance and improvements in
communications and other technology

Natural


Farmers maintain the system (e.g. through
weed and pest control practices)




Landcare groups, support groups and other
social infrastructure
Cannot have NRM without people and money
to implement it
Community cohesion
Maintenance of a sense of identity and
purpose; relates to mental health

Human


Provides an important global food resource
(e.g. rice riots overseas a few years ago
because of a reduction in Australian rice
production).

Current management
Winter crops grown in the region must mature in
early spring. Crops that mature later are affected
negatively by hot and dry weather during grain fill,
which reduces their yield potential. To minimise the
effects of hot/dry weather, all winter crops have an
optimum time period (‘sowing window’) in which to
establish. Timely crop establishment requires
adequate rainfall during the sowing window for
each crop type and variety. Later and less reliable
autumn rainfall events will result in less suitable
conditions for timely crop establishment, reducing
yield potential and farm profitability. Agronomic
changes in recent years (e.g. zero till) have led to
better conservation of soil moisture from summer
rainfall events.
In most regions cereal cropping is rotated with
other crops (e.g. canola) and grazing.

2.6.3 Drivers of change
Enterprises and communities that are dependent
on cropping in this region are likely to experience
increased pressure to transition to alternative
forms of production as a result of climate change
and other trends. Key drivers identified were:

Social
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Autumn rainfall is predicted to occur later and
be reduced
Spring temperatures are predicted to increase
earlier in the season
As a consequence of the above points, the
sowing season will start later and finish earlier
Temperature and rainfall changes will affect
both purely dryland farming areas and
irrigation areas (e.g. through a reduction in soil
moisture)
The Mallee and Wimmera areas rely on surface
water that runs off from the Grampians –
serious consequences if this water is reduced
Economies of scale become increasingly
important as profitability per hectare is
affected
Depopulation in the landscape will result in an
increasingly ageing population, loss of services
generally, technology changes, reduced
opportunities for employment, and further
separation between city and country lifestyles
International markets are a big driver, affecting
agriculture at national and local scales
Costs of inputs of fuel, chemicals, labour (costs
and availability), and water (policy is a major
driver) will continue to be major drivers of
farming and land-use choices.

2.6.4 Alternative future states
Change in this region is likely to be gradual. For
example, the proportion of cropping land may
slowly decline and the area grazed increase, as
opposed to a step change to a noticeably different
state. This lack of discrete recognisable alternative
states initially hampered discussions about the
potential for the region to transform and the key
decision that might lead to transformation.
Discussions occurred around the point at which a
gradual change in the system might lead to it being
recognisably different from the current system, and

whether any identifiable economic or social
thresholds were associated with the proportion of
different land uses in the region. The group settled
on three alternative ‘states’ based on different
dominant land uses (Figure 2.3). The initial state (i.e.
current state) was estimated as 70% cropping;
future states: were 70% rangeland grazing, 70%
cropping with new crop varieties, or 70% non-food
production (e.g. native vegetation for conservation
or bioenergy energy). The last state was considered
unlikely to occur.

2.6.5 Transition decisions
Land-use change in this region will be the collective
result of many different decisions made by a variety
of people from farming enterprises, regional and
national businesses, other organisations and
government departments. As such it was hard to
identify individual key decisions that might lead to
a transition from one pathway (state) to another,
and to identify what roles the regional NRM
organisation might have in such a transition.
The group used the five capitals to help identify the
issues and decisions that might be associated with
transitions from one pathway to another, either
contributing to the change or responding to it, and
some barriers to those decisions. See also Figure
2.3.
Human capital
 Depopulation – what is the critical threshold for
a viable community? Should we be tracking it?
 Research and development to identify and
develop alternative industries to help people
transition
 Improved communication technology to create
virtual social networks (e.g. in the area of
health care)
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How does drought policy affect transitions? What
role might regional NRM organisations have in
shaping or implementing alternatives?



Social capital
 Are adequate mental health services available
to address the stress associated with
transition?
 Would more proactive transition, as opposed
to transition after too many failed crops, be
healthier for the community?

Natural
 Land condition (e.g. ground cover) – do we
need to step up monitoring programs?
 How do we enable pasture to re-establish? Do
we assist it? Do we sow native species? When?

Should we be measuring the status of
groups/meeting attendance (e.g. for
Landcare)?

Figure 2.3 Alternative pathways for dryland agriculture responding to increased aridity in south-eastern Australia (Source: Trish
Bowen, Murray LLS)
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Physical
 The need for new/improved machinery (can we
assist with sourcing and/or providing
information)?
 How do we manage the transition from
investing in improved cropping infrastructure
(to mitigate increasing aridity) to grazing
infrastructure at farm and region level?
 Is the current state of roads suitable for
increased transport of livestock?
 What new cropping systems might be feasible?
Fast maturing crops, perennial crops, native
species?
Financial
 Profitability will be a critical driver in decision
making, but is a combination of many factors
(not just raw dollar value)
 More or different types of incentives (e.g. for
improved machinery/practices) may need to be
provided – we will need to think about this
when developing our investment/budgeting.

and partners, and where their stakeholders had
overlapped they had engaged with different
aspects of their businesses. All of these attributes
shaped the nature of the discussions during the
adaptation pathway process. However, the group
was able to work through the process and learn
about some of the adaptation challenges their
region and organisation might face. While those
barriers were highlighted by the case study, they
are likely to be typical of many adaptation
situations. The nature of dealing with climate
change means that there will be many insidious
changes, not clean discrete familiar ones, and
decisions will involve multiple stakeholders and
very often new organisations. The group also
generally felt that the process in its current format
was better suited to more discrete systems or
scenarios (e.g. a particular waterway or a smallscale system), and that they might have more
success in defining transitions and management
decisions if they had chosen a scenario for a smaller
area (e.g. a ‘local landscape’).

2.6.6 Discussion
The experiences of this group in working through
this formal adaptation pathway process highlight
the challenging and multi-layered nature of
adapting to climate change. The continuous nature
of land-use change, as opposed to recognisable
alternative states, and the dispersed and multiscale nature of the decisions associated with
alternative pathways were particular challenges.
The complexity was exacerbated by the recent
change in the function and structure of NSW NRM
organisations (i.e. they are no longer purely NRM
focused) and probably also by the large extent and
complex nature of the system being discussed.
Some of the participants had limited experience in
working together; they came from organisations
that previously had different mandates, objectives
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2.7 Adapting groundwater
management in South East
South Australia
2.7.1 Context
The South East NRM Region supports a population
of over 64,000 people and covers an area of
approximately 28,000 square kilometres. As the
name implies, the region is in the south-east of
South Australia and is bounded by the Victorian
border to the east, the Southern Ocean to the south
and west, and extends north to include the Coorong
and Tatiara District Councils.
The landscape of the South East is characterised by
flat plains and gently undulating ranges. In this
landscape, the key hydrological features are the
confined and the unconfined aquifer, from which
most of the region’s water for agriculture, industry
and human consumption is sourced. The
unconfined aquifer is a complex system of
numerous interconnected hydrogeological units.
The groundwater in the region, particularly in the
lower South East, is very responsive to local rainfall
and water use.
Declining availability of groundwater and
intensification of use are likely to occur in the
future. Current usage is about 60% of allocations,
however, even at these levels, the water table is
declining. Small reductions in rainfall and variability
in the timing of rain significantly affects recharge to
the unconfined aquifer. Recharge and use changes,
as the climate changes, may put significant
pressure on the groundwater system, and the
environmental, social and economic systems it
supports in the future.
Key decisions
 Does the community want to manage the
resource sustainably?




What level of allocation will meet that
decision?
What are the opportunities and threats from
that pathway?

2.7.2 Description of the current state
The unconfined aquifer in the South East is, on
average, declining. The recently adopted water
allocation plan has set licences and limits for those
accessing the system and on average 60% of the
allocated water is used in any given year. Despite
the limits and the unused water, there has been a
small average fall in the groundwater each year.
Groundwater-dependent ecosystems are shrinking
and declining in the region.

2.7.3 Drivers of change
Decreased annual rainfall and changes in
seasonality of rainfall will lead to reduced recharge.
Current availability of relatively large quantities of
good quality groundwater and intensification of use
of groundwater resources are likely place more
stress on the unconfined aquifer system.

2.7.4 Alternative future states
Participants discussed three alternative future
states: one with a 50% reduction in recharge, one
where there is no recharge but the aquifer
(temporarily) continues to supply water, which
leads to the final state where the unconfined
aquifer is exhausted and ceases to be a viable
resource. Each of these states would have a range
of management consequences and implications for
resource-using activities, as well the implied
condition of the resource, changing the set of
benefits that can accrue over time to the
community (Table 2.3). Alternative pathways to the
states are shown in Figure 2.4.
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Table 2.3 Alternative future states for management of the unconfined aquifer in South East SA
STATE

MANAGEMENT

50%
recharge



Change of land use



Innovation



Community engagement



Restructure / downscale
of business

No
recharge

No
unconfined
aquifer



Managing decline



Consider use of confined
aquifer

CONDITION OF
THE RESOURCE




Still managed
as a sustainable
resource

Nonsustainable
resource

BENEFITS


Food bowl for the state



Increased water efficiency



More rain-fed systems



Maintain biodiversity



Production diversity



Short-term benefit while
resource available



Food bowl



Irrigation practice



Loss of biodiversity (cost)



Control stock and
domestic water use



More rain-fed systems



Community engagement



Business restructure



Use confined aquifer for
essential water needs



Rain-fed systems



Land-use innovation



No irrigation



Loss of biodiversity (cost)



Community engagement



Livestock production



Business restructure



Loss of product diversity (cost)



Nonsustainable
resource

Figure 2.4 Adaptation pathways for management of the unconfined aquifer in South East SA, showing management alternatives
and end states of the system
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2.7.5 Transition decisions
Two key decisions are associated with transitioning
from one management pathway, and state of the
system, to another. The first is whether or not the
system is to be managed sustainably or into a state
of decline; the second is about the rate at which the
system declines. Participants assessed the barriers
and enablers associated with each decision using
the vrk framework.
Decision 1: Will the resource be managed
sustainably? (Short-term decision)
Knowledge





How do the aquifer systems interact?
What is the current state of the system?
What does the community see as important?
What is the impact of a new sustainable
allocation level?

Values





Are the short-term benefits of unsustainable
allocation more important than the long-term
costs?
What does the community see as more
important?
Is there understanding / confidence around the
science in the community’s eyes?

Rules


Legal challenge to any decisions.

Decision 2: What level of allocation? (Longerterm decision needs more data on current state
first)

Value





Are the short-term benefits of unsustainable
allocation more important than the long-term
costs?
What does the community see as more
important?
Is there understanding / confidence of the
science in the community’s eyes?

Rules


Legal challenge to any decisions.

2.7.6 Near-term actions
Analysis of the adaptation pathways was a useful
guide to discussion around how SENRM will need to
embed planning for adaptation into its NRM Plan.
The process highlighted the need to build a shared
understanding, through consultation, to identify:




community values for the resource and the
landscape
the non-negotiables – what must be saved?
likely regional scenarios and impacts on
lifestyles and livelihoods.

The SENRM Board is in the process of revising its
regional NRM Plan. It is intended that the revised
NRM Plan will build in the concept of resilience
planning; the process for making key decisions
identified for the unconfined aquifer can readily be
adapted to other environmental assets.
1. What is valued and are we able to manage the
resource sustainably?
2. What are the impacts of managing the resource
at the new levels?
3. What are the opportunities from the
management decisions?

Knowledge



Integrated system model
Regionalised climate change impacts
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2.7.7 Discussion
This adaptation pathway analysis identified a wide
range of management options and decisions
associated with each scenario (e.g. changing land
uses or enterprises). The pathways led to different
states but each with potentially viable futures to
consider. The analysis of the barriers and enablers
of future decisions, using the vrk framework,
revealed that community values associated with
the aquifer and its use are probably the most
important, closely followed by knowledge, with a
strong linkage between the two. With some
agreement on values and knowledge, rules about
water allocations can be adjusted with a defined
process and timeframe using the revision of the
Regional NRM Plan and the review of Water
Allocation Plans.
Analysis of the linkages between key decisions and
the timeframes to make and implement decision
was informative. The pathways highlighted that the
key to implementation will be to determine which
decisions need to be proactive, which ones can be
reactive, and when a decision can safely be delayed
specifically to investigate an element of the
evolving vrk context. In this analysis, the first
decision (Do we want a sustainably groundwater
resource?) was foundational and time critical: it
needs to be proactive to allow sufficient time for
effective planning and implementation before the
resource declines significantly. The subsequent
decisions can be more responsive to community
attitudes and changing knowledge of the system on
the basis of ongoing community and stakeholder
engagement, research and monitoring.
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3. Insights gained from the adaptation pathway
workshop
3.1 Introduction
This chapter summarises the key insights and
learning from the Adaptation Pathways project.
The insights and learning are drawn from
observations of the research team and feedback
from our regional partners about the conceptual
and practical challenges of developing and
implementing an adaptation pathways approach in
a regional planning process.
The project used a participatory action research
(PAR) approach (Baum et al. 2006) with our regional
partners to test the core concepts and explore the
practical challenges associated with climate
adaptation pathway planning and decision making
for regional NRM. The PAR approach was informed
by adult learning theory to maximise learning
opportunities for the project team and our regional
partners, including deliberately staging knowledge
transfer, using action learning approaches in
workshop situations and employing pre- and postworkshop reflection and evaluation processes.
Additionally, the research team used two specific
practice techniques, reflective practice and
evaluation processes, throughout the project to
ensure insights were identified and documented
throughout the project.
These insights were then synthesised into a set of
Project Insights (see Table 3.1). The insights focus
primarily on challenges (rather than the strengths
of the concept) as we believe this is where the most
progress to improve the utility of the adaptation
pathways concept can be made. Suggestions for
how the process could be modified to address the
challenges are identified. Note that the suggested
changes to the process are propositions; they
require further consideration and testing. The
insights have been incorporated into the updated
guidance on adaptation pathways we provide in
Chapter 4.

3.2 Summary of Project
Insights
1. Adaptation issues are multi-faceted, multi-scale
and span conceptual and organisational
boundaries. It is important to acknowledge this
complexity upfront in the process, agree on
some conventions around these issues and
keep the process moving, rather than allow
these issues to become barriers.
2. Thinking about alternative future states,
different management regimes and triggers for
shifts between states is very challenging. Welldesigned processes, agreed language, good
examples and group facilitation techniques that
allow individuals and groups to explore and
then agree on alternative futures are important
for improving future thinking capacity,
although it will still be hard.
3. Our research suggests that some core
adaptation concepts such as alternative states,
future management regimes and future
management triggers have conceptual utility
but are challenging to apply and document in
practice. Future efforts should focus on
communication and workshop processes to
better deploy the concepts.
4. The vrk rubric is powerful – it has significant
communication and analytical utility in
different phases of the adaptation pathways
planning process, and is readily understood and
adopted by participants. The focus on decision
context, and vrk in particular, distinguishes
adaptation pathways from Impact and
Vulnerability Analyses and other approaches to
adaptation.
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Table 3.1 Project insights with suggestions for process modifications to address the main issues identified

INSIGHT

EXPLANATION

SUGGESTED MODIFICATION TO PROCESS

Personal and
organisational
dynamics have a
major influence
on group
dynamics

Personalities, individual organisational
roles, organisational culture and life cycle
and jurisdictional differences all influence
group processes.

Ensure beforehand there is a reasonable match between
the make-up of groups, the desired objective of the
workshop (for example, getting broad input into adaptation
pathways from a range of stakeholders versus internal
learning about possible organisational adaptation
challenges and options), and the details of the process
including the level of facilitation.

Broad or vague
definition of
decision areas
creates
challenges for
analysing
adaptation
pathways

There is a trade-off between broad
definition of a decision area (i.e. one that
encompasses wide range of issues, land
uses or geographic area and/or engages a
wide number of stakeholders) and more
narrowly defined decision areas that are
likely to be more tractable to analyse.

Match the breadth of the decision area to participants’
knowledge of the topic, diversity of knowledge and
expectations, their familiarity with pathways (or similar)
processes, and the specific outcomes sought. More specific
decision areas will make the analysis process easier, but
less likely to reveal cross-cutting and structural changes
that might be required to enable effective future
adaptation at the system scale.

Linkages and
cross-scale
connections
make definition
of discrete
decision areas
challenging

The integrated nature of the social,
ecological and economic domains and their
dynamics in regional systems means that it
is difficult to isolate and analyse decision
areas. The approach described specified
focusing on single decision topic or
problem, and allowed the analysis to
broaden as a function of the societal
influences upon decisions relevant to the
topic.

Where system boundaries are an issue, it may be useful to
develop a basic systems diagram including cross-scale
linkages and influences early in the process. Identifying and
capturing boundary or cross-scale issues for consideration
in later steps may be useful. These may indicate important
features of the decision context.

Identifying
alternative future
states is difficult

Identifying alternative future states is
cognitively challenging and some people
appear to be better at it than others.

Specific activities could be designed to help people more
creatively envisage different futures. These could be used in
the early phase of the workshop, or in a preliminary
workshop (as recently trialled by ACT), to reduce anchoring
to the current state of the system. See Box 1, Chapter 4.

Defining future
alternative states
requires some
level of group
consensus early
in the process

Groups were sometimes slowed by a lack of
consensus about what future states were
appropriate to include, depending on their
perceived likelihood, appeal to different
stakeholders, the degree to which they
implied change by other parties, and so on.

The alternative states are not meant to represent preferred
states, rather they are states that could feasibly arise.
Various processes can be used to facilitate choosing
alternative states. Options can be pre-prepared; options
can be presented in pairs to encourage comparison
between futures rather than between each future and the
present. See additional suggestions in Box 1, Chapter 4.
Likelihood and the acceptability of alternative futures play
little role in the subsequent analysis so consensus on those
perceptions is not required.
Alternative states may be brainstormed and scoped but not
fully developed or used in later stages. Or they can be
brought back into later stages of the analysis in subsequent
iterations of the process if it is believed they might provide
additional insights.
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INSIGHT
Defining discrete
versus
continuous
change

EXPLANATION
Many state changes are gradual rather than
discrete, step changes or rapid transitions.
Describing gradual change and defining
points where a recognisable change in state
has occurred is challenging but important
for locating when and where decisions must
be made and new management regimes
instigated.

SUGGESTED MODIFICATION TO PROCESS
Rather than seeking to identify the one point at which a
system changes from one state to another, participants can
identify contrasting points on a continuum that would be
clearly different. For example it might be hard to identify a
social or economic tipping point in the ratio of cropping to
grazing, but it might be clear that 70:30 cropping to grazing
would be quite different to 30:70. Similarly analysis could
focus on the phases or rates of change along the
continuum.
These contrasts may provide an alternative way to address
the question ‘when would the system have changed so
much that it was now recognisably different?’

Identifying
‘triggers’ for
changing
management and
characterising
different (current
and future)
management
‘regimes’ are
both challenging

Adaptation involving significant changes in
management can be thought of as changes
in a management regime that are triggered
by specific events. While proving to be a
useful metaphor, in practice identifying
triggers is difficult. Similarly, describing
current future management regimes that do
or will deliver particular values, when they
often may consist of numerous small
management actions and activities across
social, ecological and economic domains
and institutions at different scales is
complex and somewhat laborious.

Emphasise the dynamics of change rather than describing
discrete states. Rather than single triggers, ask questions
like: when is a state unlikely to deliver the desired values;
how would you know the current management regime is
not working; or what indicators or measure could help to
identify phases when major changes to management are
likely to be required?

Responsibility for
NRM is spread
across private
and public
entities and
changes over
time; identifying
who has primacy
for decision
making around
any decision
area, particularly
into the future, is
challenging

This can create a barrier to identifying
future decisions, where is it may be unclear
whose decisions should be included. This is
particularly constraining if participants focus
on their own current roles, or those of their
organisations, given that personnel, roles
and organisations will almost certainly
change notably within the timeframe of the
adaptation pathways being explored.

Separating potential changes to management regimes and
changes to organisational or individuals’ roles is important.

Participants could be provided categories of management
actions (e.g. governance change, knowledge-building,
incentives, penalties) and workshop groups could identify
when changes in each category, at various scales, might be
needed.

Developing some understanding of private versus public
good dimensions of decision areas may help to define to
whom management responsibility is likely to fall, although
this is heavily influenced by the dominant societal and
political philosophy at the time.
Emphasise that the pathways are not intended to represent
visions that the organisation and all its stakeholders need to
share; they are perspectives about what might happen as a
result of multiple different distributed decision processes.
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INSIGHT
Timeframes for
adaptation
pathway thinking
extend across
organisational
and individual
timeframes

EXPLANATION
There was concern from some workshop
participants about timeframes required in
adaptation pathways processes. Some types
of adaptation, particularly those involving
values and significant rule changes (e.g.
such as property rights) can have long lead
times, typically beyond a funding initiative,
project or possibly even an individual career
timeframe. Setting up adaptation pathway
thinking and processes to bridge across
organisational time frames is likely to be
important and something at which we are
traditionally poor.

SUGGESTED MODIFICATION TO PROCESS
Emphasise that the pathways are not meant to represent
long-term plans to be implemented by over multiple
planning cycles. They are long-term perspectives to inform
near-term planning. It would be expected that adaptation
pathway analyses were conducted regularly, and they may
reveal different insights about the future.
Clear description of the pathway analysis of a process,
including documenting evidence and assumptions and who
the participants were, recording conversations and so on
may help in tracking learning across subsequent analyses,
as well as improving the longevity and availability of the
adaptation concepts and insights to others in the
organisation.

The long-term nature of adaptation
pathway thinking means all focal systems
are likely to experience multiple extreme
events that lead to ‘knee jerk’ decision
making that may be counter to adaptation
pathway thinking.
The vrk
framework is a
readily adopted
analytical,
planning and
possibly
engagement
concept

vrk provides a very powerful diagnostic
framework for analysing decision contexts.
The language is readily understood and
adopted by workshop participants.

Developing a
shared language
is central to
getting
engagement,
ownership and
consensus
around the
adaptation
pathways
concept and
workshop
process

Like all novel concepts, adaptation pathway
concepts have a specific language and
meaning which sometimes may overlap or
conflict with other concepts. Clarifying and
developing a joint language around the
concepts will enable them to be
implemented more readily. In particular a
shared language will help regional staff
communicate with internal and external
stakeholders using the concepts.

Additional processes and activities could be developed and
trialled to extend the use of vrk in the design of adaptation
actions aimed at shifting decisions contexts, and to support
engagement processes.

vrk was used by participants at the
workshop as a ‘transparency device’ and a
‘filter’ for developing and presenting
options. Some participants suggested it
could be used to design engagement
processes to ensure the process addressed
vrk dimensions of an issue or interventions.
Development of a glossary of adaptation pathway
terminology and some focus on terminology during the
workshop process may provide one avenue for
strengthening a shared language.
Syntaxes or template statements can be used to specify the
relationship between different concepts and how they build
on each other (e.g. Dunlop and Ryan 2016).
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INSIGHT

EXPLANATION

SUGGESTED MODIFICATION TO PROCESS

Setting out the
overall process
with good
examples would
probably assist
some
participants to
understand the
concepts better

Our approach to the workshop was to avoid
examples early in the workshop process to
avoid ‘anchoring’ participants on those
examples. Feedback suggests this led to
some confusion in the workshop.

Well-documented and illustrated examples presented early
in the workshop may assist participants to understand the
process, language and expectations.

There is a tradeoff between
maximising the
learning-by-doing
exploration of
the concepts and
undertaking
thorough analysis
of the specific
climate
adaptation

While some groups struggled at times, the
discussions and self-reports of many
insights emerging from discussions suggests
that some ‘floundering around’ with the
concepts and the issues at various times
through the workshop process probably
does lead to greater learning. It is important
the groups experience success of building
new knowledge, however, to increase the
feeling of ownership and satisfaction.

It is important for groups to confront the complexity of the
problems in front of them, however, not at the expense of
group success and morale. The level of facilitation
necessary will depend on the objectives of the workshop
processes and the groups participating, taking into
consideration issues such as group diversity (how many
different organisations, different roles) and capacity, the
nature of the decision area selected, etc.
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4. Interim guidance on designing an adaptation
pathway analysis process in NRM
4.1 Introduction
This chapter presents some guidance for NRM
organisations or facilitators on designing and using
an adaptation pathway analysis based on the
lessons learnt during this project and other past
experiences. The guidance suggests a series of key
considerations, factors we believe should be built
into an NRM adaptation pathway process.
However, it does not describe a recipe or preferred
process for doing that; the development and
testing of such processes is a work-in-progress in
Australia3 and internationally, and it is expected
that the effectiveness of different processes will
depend on the context of the organisation doing
the analysis. We encourage practitioners,
consultants and researchers interested in the
adaptation pathway approach to trial different

3

Siebentritt, M., Halsey, N. & Stafford-Smith, M. (2014).
Regional Climate Change Adaptation Plan for the Eyre
Peninsula.
Bosomworth, K., Harwood, A., Leith, P., and Wallis, P.
(2015). Adaptation Pathways: a playbook for

processes, and as they do give consideration to
factors described in this chapter. To illustrate a
possible way that these factors might be
incorporated into a two-day process, the chapter
includes a revised version of the agenda used in the
workshop for this project.
The guidance present here is structured around
seven elements or steps that combine four key
concepts relevant to the content of an adaptation
pathway analysis (based on lessons from this
project and Wise et al. 2014; Table 4.1) and five
issues affecting the process of an analysis (based on
individual cognitive factors, social dynamics and the
needs of organisations, from lessons of this project
and previous similar processes; Table 4.2 and Figure
4.1). Together these elements provide the
ingredients for a challenging but safe and
productive adaptation pathway analysis process.

developing options for climate change adaptation in
Natural Resource Management. Southern Slopes
Climate Change Adaptation Research Partnership
(SCARP): RMIT University, University of Tasmania, and
Monash University.
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Figure 4.1 Suggested elements of an adaptation pathway analysis, combining key concepts relating to the content and issues
related to the process. The arrows are indicative of the main influences on the elements but not exhaustive
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Table 4.1 Adaptation pathway concepts

ADAPTATION pathway
concept

Explanation

Transformation

Climate change could lead to biophysical changes of such magnitude that it
transforms how people experience, live within and manage the system. For
example: changes in ecosystem type; changes from predominantly cropping to
predominantly grazing. Adaptation can be viewed as a purposeful response to
experienced or anticipated transformation (Pelling 2010)

Decision focus

Identifying and analysing how people might respond to climate change (the
decisions they will be confronted with), rather than starting with a detailed
characterisation of impacts and vulnerability to climate change (Stafford Smith et
al. 2011)

Decision context

The evolving societal factors that enable and constrain the options available to
decision makers and how they choose among them. These factors include
knowledge, societal values, and institutional factors (formal rules and norms)
(Gorddard et al. 2016)

Decision timeframe

The lifetime of decisions (lead time, time to make and implement a decisions, and
time to achieve the desired outcome), and temporal interactions among different
decisions and between various decisions and the rate of environmental change
(Stafford Smith et al. 2011)

Table 4.2 Organisational, social and individual issues

Organisational, social and individual issues

Source

Thinking about the future is really hard

Insight 2, Chapter 3.

Negatives are a turn-off

Insight 2, Chapter 3; adult learning principle.

Transboundary: crossing organisations,
time, space, disciplines, expertise

Insight 1, Chapter 3.

Making it real: ensuring learning and
outputs are relevant to individual and
organisational context

Insight 3, Chapter 3; adult learning principle.

Learning-by-doing

Insight 3, Chapter 3; adult learning principle.

Complex adaptation problems can’t be solved focusing on one
organisation or decision maker. The actions required are likely to be
beyond the agency4 of those present in the workshop or planning
process; this can be disempowering; the adaptation pathway
process seeks to discover linkages / dependencies, and identify ways
to enable action across organisations and scales.

4

By ‘agency’ we mean the ability of an individual or organisation to undertake a desirable action. We use the term
‘organisation’ to refer to entities like regional NRM bodies. We use ‘institution’ to refer to the rules that guide societal
rules behaviour, including for example, legislation, policy, guidelines and norms.

Exploring Adaptation Pathways in the Murray Basin

46

4.2 Purpose of an adaptation
pathway process
An adaptation pathway approach is intended to
assist with planning adaptation to climate change.
It can do this in a number of ways; but first it needs
to be recognised that the approach, as we have
developed and implemented it in this project, is
more of a discovery process, to be used as an input
to NRM planning, rather than as a planning process
in itself. This recognises that organisations will have
their own planning processes and that adaptation is
but one of many imperatives in NRM planning. The
adaptation pathway approach, as we conceive it, is
fundamentally about planning over longer periods,
the time taken for widespread and significant
climate impacts leading to transformative system
responses, a timeframe quite possibly longer than
normal planning cycles or even organisational
lifetimes. Importantly this is also a timeframe
where societal change can be expected to have an
influence on future planning decisions. Given such
timeframes, and the uncertainty about climate
impacts and system responses over that time, it
would be unwise to try to make future planning
decisions now, if it can be avoided; thus the
adaptation pathway approach is about enabling
future decision making rather than prescribing or
constraining future decision outcomes. With this
long-term goal in mind, the approach can help
inform near-term planning in at least three ways.
First, by exploring the temporal aspect of different
possible decisions, in relation to rates of climate
impacts, the approach can help discover which
adaptation decisions might need to be made in the
near term, or could be made in the near term with
low risk or reduced cost. Second, it can help identify
ways that near-term decisions might enable or
avoiding certain biophysical path dependencies
that affect the ability of future planners to make
effective adaptation decisions (for example

avoiding so-called ‘mal-adaptations’, actions that
are effective for small levels of climate change but
make later adaptation more difficult). Third, and
possibly most importantly, this approach can help
identify near-term investments that might
contribute over time to ‘societal change’ that will
help future planners overcome barriers to making
various decisions, by generating new knowledge,
stimulating reassessments (discovery and shifts) of
societal values and changes in institutional
arrangements. The second and third outcomes
represent near-term investment in creating future
decision-making options.
In addition to directly informing near-term
planning, the adaptation pathway process can be
used to build more comprehensive understanding
of the challenges of adaptation, and could be an
effective organisational or community capacitybuilding exercise. While the focus of this project is
climate adaptation, the process can be used for
helping develop responses to potentially
transformative issues other than adapting NRM to
climate change.
We anticipate that adaptation pathway analyses
could be beneficial to many different people with a
stake in the system, including those who make
decisions of all sorts (from developing legislation
and policy, through planning and implementation,
including farming and conservation work on public
and private land), and those affected by those
decisions. In this report we variously refer to the
former as decision makers, planners and managers,
with no great distinction implied (they are all
making and implementing decisions of one sort or
another), though we recognise people may relate
to these terms in different ways, especially when
they are in their job descriptions.
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4.3 Elements of an adaptation
pathway process
The key adaptation concepts feeding into the
content of the adaptation pathway process are:
transformation, decision focus, decision context
and decision timeframe. These are described in
Table 4.1. In designing the elements of an
adaptation pathway proposed here, consideration
was given to how the process might be affected by
a series of issues based on individual cognitive
factors, social dynamics and the needs of
organisations. These are described in Table 4.2.
The main sequential elements of the adaptation
pathway process we propose are as follows:
1.

Co-framing

2.

The need to consider transformation

3.

Scoping alternative futures

4.

Identifying future decisions

5.

Analysis of future decisions

6.

Long-term actions

7.

Near-term actions.

We outline some additional elements that could be
considered in designing an adaptation pathway
process, including: facilitation, examples, glossary
and review.

4.3.1 Step 1. Co-framing
The purpose of this step is to develop a shared
understanding and ownership of the adaptation
pathway analysis that is about to be undertaken by
bringing together NRM issues and climate
adaptation concepts. The co-framing step involves
choosing an issue with a strong climate change
component that will be experienced by future
natural resource managers, scoping the challenge
of making decisions in response to the issue using
the concepts underpinning the adaptation pathway

process, and describing that challenge in language
that is owned and understood by all the
participants. This statement of the problem can be
referred to during the adaptation pathway process
to help keep deliberations focused during the
process; the framing could also be revised as the
understanding of the challenge evolves during the
process.
Co-framing requires some background knowledge
of the system of interest, and how it might be
affected by climate change, including who will be
affected by change and who will make adaptation
decisions in response, in the near and longer term.
In many situations much of this information could
be available in existing impact or vulnerability
analyses conducted by the organisation; it could
also come from related analyses or more general
understanding of the local implications of climate
change.
The co-framing is likely to highlight that adaptation
problems will often be transboundary: climate
change tends to create connections across scales
and redefine existing issues. Adaptation in the
system will involve decisions and actions that are
beyond the scope of the individuals and
organisations involved in the adaptation pathway
process, and the relevant decisions are long-term,
possibly with time spans beyond the careers of the
individuals and mandates of the organisations
involved in current planning. For this reason, the
scope and scale of the adaptation problem should
be framed around the relevant social-ecological
system rather than just the organisation
undertaking the planning, even if that means the
defined problem is beyond the current level of
agency of the organisations participating.
The co-framing step is particularly important as the
adaptation pathway process is challenging for
participants. Careful co-framing can help negotiate
a ‘safe space’ for people to think hard and
differently about changes to the current system
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that will affect many people and involve ideas that
might otherwise be judged unacceptable. Coframing sets up the challenging nature of the
problem, enables participants to empathise with
those being challenged by the issues in the future,
but also creates a safe distance between the
participants and future decisions makers who will
be making new and hard decisions. The link back to
current decision making is then through actions
that might be taken in the near term that affect
options available to future decision makers.

4.3.2 Step 2. The need to consider
transformation
This step of the adaptation pathway process
focuses on how the current system might respond
as the magnitude of climate change increases to the
point where some key features of the system, that
give it its identity, begin to change. While the
system of interest experiences relatively small
amounts of climate change, in the near future, a
variety of adaptation actions that seek to minimise
the impact of the changes and maintain the current
operation of the system may be effective. These
could include adjusting sowing and harvesting
dates, adjusting crop varieties and applying more
resources in smaller windows of opportunity to
conduct hazard reduction burns. Such actions could
be the same as or similar to many existing
management practices in response to climatic
variability. However, as climate change progresses,
the magnitude and variety of physical impacts on
many NRM systems will increase affecting the core
biophysical characteristics of the systems, and the
way people live in, manage and relate to the
systems will begin to transform, necessitating
different types of management decisions. Such
decisions could include significant increases in
resources needed to resist or cope with
environmental change, or fundamental changes in

the way the system is managed or the livelihoods
undertaken in the system.
This process could start with characterising the
current system biophysically and socially, the
services and benefits derived from it, how it is
managed to maintain those services, and how it
responds (ecologically and socially) to climate
variability and extreme events. Then the climate
change and other pressures that might drive the
system to change can be characterised. It may be
useful to identify possible thresholds beyond which
change in the system might be more rapid or
socially significant. Participants could think about
two different ‘future baseline’ scenarios. First,
consider the dynamics of the system if it crosses
those thresholds and present-day management
continues; how would its identity change and
would it produce the same set of goods and
services, and support the same distribution of
livelihoods? Second, consider the consequences of
trying to manage the system so that it maintains its
identity, benefits and the livelihoods its supports:
as the system inevitably changes, and greater effort
is required to resist change, what are the costs and
trade-offs that might be made, and what would be
the consequences of failure of efforts to maintain
the system?
This process seeks to establish that maintaining the
status quo in the face of future climate change may
be impossible, and that there is a need to consider
planning for future transformation of the system. It
is not intended to conclude that current planners
should start actively driving transformation, rather
it helps participants discover future transformation
that could occur. In subsequent steps participants
will explore how near-term activities could make
the future task of transformation more successful.
This process is likely to elicit negative emotions, as
it is about characterising how the current system
may fail to persist and deliver the services currently
desired. The following step is designed as a
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counterpoint to this, to explore alternative futures
that are better than these baseline scenarios.
Separating these steps may help allow the scoping
of alternative futures to be a more emotionally
positive and creative process.

4.3.3 Step 3. Scoping alternative
futures
This step focuses on developing an understanding
of the different futures that could arise as the
system responds to increasing levels of climate
change. Multiple futures are possible due to
uncertainty in the nature of environmental drivers
and the biophysical responses, different
magnitudes and rates of climate change, and
multiple possible socioeconomic responses. These
responses include the combined NRM decisions of
future NRM organisations and their stakeholders.
The previous step identified the baseline of the
current system and two ‘future baselines’,
continuation of present-day management despite
transformational change in the system and
increasing management efforts trying to prevent
the system changing. This step seeks to identify
alternative trajectories of change that might arise
due to changes in management and lead to
outcomes that may be judged more favourably
than the two future baselines, concordant with the
idea that it might be better trying to manage future
change rather than ignoring or continually fighting
against it. Rather than scoping alternative futures
with the intent of designing or selecting a preferred
future vision or goal, the purpose of this step is to
highlight that multiple futures are possible, with
potentially different sets of benefits and, most
importantly, that they would involve sets of NRM
decisions that are different from the present and
different among the alternative futures.
The tasks for this step include identifying a range of
alternative futures, then for each future describing
the state of the system, the benefits available in

that state (e.g. goods and services provided,
livelihood opportunities) and the types of
management that would be required to maintain
the flow of those benefits. The management needs
to be characterised just enough to highlight the key
differences from current management of the
system, so it becomes apparent where future
decisions would be needed to switch from one type
of management to another.
Scoping alternative futures is a tool to help
participants identify a range of different types of
decisions that may confront future managers. As
such, it is not necessary to scope ‘the full range’ of
futures, or to provide a very detailed specification
of each. The future states and potential benefits of
each only need to be characterised sufficiently to
give an indication of the types of trade-offs that
future decision makers might be confronted with;
in particular, participants do not need to rate a
preference for each future, nor to agree about the
likelihood or acceptability.
Scoping alternative futures is likely to be generally
more positive than recognising the need for
transformation. However, experience suggests it is
still a difficult task for workshop participants, and a
variety of techniques may facilitate the process
(Box 1, Chapter 4).
The range of alternative futures that are scoped will
enable (and constrain) the steps that follow, and
their development will be affected by how the
overall analysis is framed including the scope and
scale of the issues that have been chosen (previous
steps). As noted, the futures are a tool to identify
possible future decisions, so it is not necessary to
be exhaustive or realistic in scoping them,
particularly in the first instance. The analysis
process can return to this step, if necessary, to
revise a future or add futures, with different
decisions, that might be suggested in subsequent
steps.
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Box 1. Challenges workshop participants face in scoping alternative futures


People don’t think about transformational futures very much; it is not part of their everyday experience.
Where they do, they may be more likely to think about the benefits or cost of them, rather than how they
might need to make different sorts of decisions in the future, so people don’t readily have the tools to make
effective decisions about different futures.



The possibilities are endless. These can be managed by focusing on how anticipated climate change (and
other drivers) may affect the functioning of the system and the values derived from it. It may be tempting to
include some combination of an apocalypse, nirvana or continuation of the present futures; these could
serve as bounds, but it will be more useful for the analysis to consider a more realistic set of alternative
futures.



People tend to be anchored to the current state and avoid articulating or considering transformational
futures especially where they would have personal consequences. This can be reduced by emphasising the
futures will be experienced in one or two generations, by their successors rather than them, thus creating a
‘safe distance’ between disruptive futures and consequences for themselves. Also, during initial
development of the alternative futures, they could be considered in contrasting pairs to focus participants’
critical faculties entirely on variants of the future, rather than enabling an implicit comparison of each future
with the present.



Interactions of changes in the focal system with possible changes in the broader system create many
possibilities. It may be useful to explore the implications of some key external change (e.g. technology,
changing market conditions) and noting but parking others. They can be revisited in a subsequent iteration.



The analysis ideally focuses on system changes in alternative futures that are somewhat speculative,
requiring a degree of creativity to develop. This can be difficult in a work environment and a workshop that
is about clear, present and urgent issues. This can be fostered by creating a safe space to explore speculative
and often ‘bad’ ideas. A variety of methods to enable this creative process could be trialled; one possible
approach is the Three Horizons approach (http://www.internationalfuturesforum.com/three-horizons).



The process of generating alternative futures can easily get confounded by a process of evaluation of their
plausibility. It is probably of limited value to include scenarios that are biophysically implausible. However,
as reasonable drivers and change mechanisms can be identified, the intention is to include futures that may
be socially implausible under current contexts and that have significant implications for management. The
process is intended for situations where there is profound uncertainty about the action of drivers and even
more about the consequence of them. As such there is little point trying to reach consensus about which
futures might be most likely.



Similarly, the process of generating futures can easily get confounded by the inevitable personal inclination
to develop preferences for them. Preferences for them can be noted, and used to identify the values,
benefits or services might be available under each. It may be beneficial to note how different stakeholders
might prefer different futures, as this will provide insight about the nature of the societal context
surrounding the multiple decisions that might be made were different futures to unfold. The process does
not need to use the concept of a single preferred future or vision, other than managing to make the most
out of whatever futures do arise.



Scope drift is likely to be an integral part of the process, as novel implications, values and interactions are
considered, and people become more creative. This can be negotiated by referring back to the co-framed
issue (which can be updated) and the purpose of the analysis.
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4.3.4 Step 4. Identifying future
decisions

(which variety of wheat; which crop; crop or
pasture; food or biomass crop; harvestable product
or carbon/biodiversity stock).

The purpose of this step is to identify the types of
decisions that managers might be faced with in the
future. The previous step identified a range of
alternative futures and how they could be
managed; this step examines the decisions that
might need to be made as those futures unfold.

In this step it is important to try to avoid judging the
new decisions through the lens of the current state
of the system with its distribution of livelihoods,
stakeholders and NRM managers; these are
decisions that might be made by different people in
response to quite different environmental and
social circumstances. To mitigate any sense that the
analysis was proposing that significant change be
forced upon stakeholders, the exercise could be
framed in an exploratory way. For example, asking
‘if these futures were to arise, what decisions
would have to have been made by managers?’ The
aim is to start characterising the decisions, and
their considerations and consequences, not to
judge the decisions.

Participants could start by comparing current
management with the management that might be
applied in each alternative future, and then identify
the decisions that would be required to transition
from the current state (or baseline scenarios) to the
alternative future states. For some alternative
futures a sequence of decisions may be required,
either because one decision needs to be enabled by
previous decisions, or in response to progressive
environmental or social change; these sequences of
decisions give rise to the adaptation pathways. It
may be effective for participants to start with an
alternative future and how it might be managed,
and work back towards the current management,
then work forwards again adding or varying
decisions and possibly updating the description of
the alternative future. This process would allow the
logical sequencing of decisions in a pathway to be
scoped, and which decisions might lead to
switching from one pathway to another. Some
decisions may be quite discrete, such as
establishing a new water sharing framework;
others may be identified as a more gradual process,
such as changes in the proportion of crop and
pasture.
The decisions needs to be characterised in enough
detail to reflect the change in management that
results and new factors managers might be
considering. As well as the type of decision (What
production
activity
to
pursue?),
the
characterisation should reflect the changing range
of options decision makers might be choosing from

The following steps explore the individual decisions
in more detail, looking at the context within which
managers might be making them and a range of
aspects of the timeframe of decisions.

4.3.5 Step 5. Analysing decisions:
decision context
The purpose of this step is to explore the contextual
factors that might enable and constrain decisions
and in particular the factors that might lead a
manager to choose one option over another. This
step requires participants to ‘switch up a level’ from
focusing on the specifics of decisions and the
associated options to thinking about the wide range
of factors that shape, enable and constrain the
decisions; from looking into a decision-making
process, to looking out to society more broadly.
Participants can be expected to be well versed in
current decision problems, the available options
and processes for making those decisions; but they
may be less explicitly aware of the factors that lead
to these things, and how the factors evolve over
time.
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The reason for this step is that it shows how societal
decision context can constrain the range of decision
options available to current and future decision
makers, and it highlights that investment in shifting
the decision context may be at least as important
for adaptation as investment supporting presentday climate-related NRM problems. This step has
the potential to be quite revealing; it could lead to
participants changing the way they frame the task
of adaptation and the role of their organisations.
While the process and learnings may be
challenging, analysis of decision context can also
help suggest actions that can be undertaken by
NRM managers in the near term to help their
organisations and stakeholders plan for and
respond to future climate change and other trends.
The values-rules-knowledge framework (vrk) can
assist in the analysis of enabling and constraining
factors (Dunlop and Gorddard 2016; Gorddard et al.
2016). Participants can ask whether each of the
decisions identified in the previous steps could be
made by today’s decision makers. What values (v),
rules (r) or knowledge (k) might constrain how the
decision is framed or what options are available?
Who is responsible for the barriers, or who might
have to do something differently for the barriers to
be overcome? What sorts of things might lead to
shifts in v, r or k? This requires participants to think
about issues that they don’t normally have agency
over, such as community values, the composition of
their board, the relationship between their
organisation and governments, the role of science
and the lived experience of the community.
By identifying v, r and k barriers, participants can
explore what interventions might help prompt
shifts in the decision context; these could include
community consultation, changes in policy, new
research or information sharing. As well as having a
direct impact on an identified barrier, they could
expect some strategic interventions to have flowon impacts in the other v, r and k domains; new

knowledge leading to proposals for new rules, the
prospect of new rules eliciting new preferences and
clarifying previously obscured values, new values
leading to different rules and knowledge, and so on.
Participants may recognise these elements and
processes in the history of many current or past
problems in NRM and society. Making the vrk
elements of future adaptation issues more explicit
might help managers be more strategic in planning
various interventions to change how adaptation is
framed and make more options available.
A focus on vrk and how it changes highlights that
the effectiveness or suitability of today’s decisions
will be judged by history according to future
decision contexts. Actions that seem like a good
idea now might not be judged so in the future,
similarly actions that might not be preferable now
could well be judged wise as the impacts of climate
change become more apparent.

4.3.6 Step 6. Analysing decisions:
timeframe
The purpose of this step is to explore the
importance of time in the planning and sequencing
of decisions. The timing of decisions is a defining
aspect of ‘adaptation pathways’. The possibility of
transformation of the system indicates that in the
long term current approaches to management
could well be unsuitable; decisions could be made
in the medium term to implement management
that is more effective in the face of climate change;
and in the near term actions could be undertaken
to enable those later changes in management.
Here, long, medium and near are relative to each
other; long term may be one to many decades
away. When analysing those various decisions we
suggest there are three important aspects to their
timing: the lifetime of decisions, the temporal links
between different decisions, and the temporal links
between various decision and environmental
change.
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First, decision lifetime is the time it takes to get a
result from a decision, and it has various phases
(Stafford Smith et al. 2011). These include the leadup to a decision (how long it takes to realise a new
decision is needed), making the decision (doing
analysis, selecting an option), implementing the
chosen option (changing management), and
achieving the desired result of the decision. In the
case of providing habitat for wildlife, these phases
could include: 1. realising current plant species
might not persist; 2. working out which new species
could be established, persist and provide habitat
for current or future wildlife; 3. discovering which
of these ecologically-effective species might be
acceptable to various stakeholders; 4. working out
how to effectively establish the new plants
(collecting seed, planting, protecting young plants);
5. waiting for them to grow large enough to provide
habitat and for the population to be self-sustaining.
The lengths of the different phases could vary
considerably among decisions. In general, decisions
with longer lifetimes are likely to be more critical
when planning for climate change. In characterising
the lifetime of a decision, participants could assess
whether any of the phases could be shortened, or
if it may be desirable to lengthen a phase.
Second, some decisions may enable or restrict
subsequent decisions. Participants can explore the
dependencies between decisions using the
construct of alternative pathways through different
decisions to the various futures. This may highlight
how an early decision could inadvertently or
deliberately close off some future options or create
future options. This analysis might make the
economic concept of ‘option values’ tangible to
planners and their stakeholders. It may also help
planners give priority to initiatives that will enable
decisions that may need to be made rapidly at a
later date. The ease of reversing a decision may be
an important part of this analysis (for example,
removing currently unused stock fences might
marginally increase the productivity of cropping,

but significantly increase the cost of returning to
grazing).
Third, consideration can be given to when the
outcome from a decision might be needed in
relation to climatic and environmental change. For
decisions with long lifetimes, it will be too late for
decision makers to delay making them until the
environmental changes that they hope to adapt to
actually occur. In these cases decision makers will
need to act in anticipation of changes potentially
decades in the future. By carefully considering the
trajectory of climate and environmental change,
and the phases of different decision lifetimes, it
may be possible to reduce the risks associated with
making decisions in anticipation of change.
In this step participants consider: how long it may
take to make and get an outcome from various
decisions; temporal dependencies between
decisions (which ones need to come first); and how
the timing of decisions aligns with the timing of
environmental change. Participants can then
explore whether it might be possible to make easy
investments that shorten some of the decision
lifetime phases. And they could try to identify
future social, climatic or environmental changes
that could act as ‘lead indicators’ of future change,
and which could be used as triggers for decision
making. For example, if water sharing plans last for
ten years and it is recognised that current plans
would be unsustainable should an aquifer decline
by 50%, then a community might decide to start
changing the plans when the aquifer declines by
20% (or recharge declines by a certain amount), so
there is sufficient time for existing plans to expire
and for water users to adjust gradually to the new
arrangements.
In a rapidly changing environment managers will
not be able to monitor all of the factors they are
interested in and that are of concern to their
stakeholders. Analysis of the different aspects of
decision timeframe and decision context might
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help clarify which variables in their system need to
be monitored, and how well they need to be
monitored, to give decision makers and their
communities the confidence and time needed to
make proactive adaptation decisions.

those that might be difficult to make with the
current decision context. Highlighting these
decisions can help identify actions that can be
undertaken in the near term to enable future
decision makers.

4.3.7 Step 7. Long-term actions

It should be noted, however, that as the decision
context evolves (potentially in response to actions
identified below), the feasibility or desirability of
future decisions will change, so the analysis and
listing of longer-term actions should be seen as
indicative of the types of actions managers might
make as opposed to a definitive set.

The previous steps have focused on exploring and
analysing many possibilities. This next step seeks to
synthesise that work and identify long- and shortterm actions that could be incorporated into NRM
plans. This step focuses on the decisions that may
need to be made at some stage in the future, but
not in the lifetime of the next set of NRM plans.
While it is therefore less relevant to current
planning, it will help ensure that near-term
planning and actions are undertaken in a strategic
way so that they contribute to and do not inhibit
more challenging adaptation decisions that may be
made in coming decades.
Participants can identify what significant decisions
might need to be made in the future, when they
may have to be made by, and what vrk
preconditions might need to be met to enable
those decisions. There may be some decisions that
will need to be made eventually regardless of the
particular future that unfolds; maybe these can be
brought forward. It may be clear that some
decisions can safely be delayed. Other decision
options may be judged as being unfavourable
across all alternative futures, in which case it might
be desirable to take strategic action in the near
term to restrict these options. This might be
particularly necessary for so-called maladaptive
options that might be beneficial in the short term,
but lead to negative consequences in the longer
term. Preventing these may require some form of
compensation where near-term costs and longterm benefits are experienced by different
stakeholders. Possibly the most crucial long-term
decisions will be those that have long lifetimes and

4.3.8 Step 8. Near-term actions
In this step participants identify actions that they
might be able to include in their current or next
phase of NRM planning. Highlighting this step as a
key output of the adaptation pathway analysis
process will help maintain the link between the
somewhat abstract futures-thinking parts of the
process and the need to develop and implement
near-term plans, and it gives a concrete focus to
participants who are output- rather than processoriented or those tasked with undertaking
adaptation planning in the immediate future. This
step highlights those actions that present-day
managers currently have agency to implement and
also contribute to a longer-term adaptation
strategy.
Near-term actions fall into two categories, specific
climate-related NRM activities, and activities aimed
at shifting the decision context of future decision
makers. Near-term NRM actions could include
those that have been identified as likely to be
beneficial across multiple futures (no-regrets
strategies) and actions that would have to be
started now to achieve the desired outcome when
needed.
The second category is actions designed to enable
future decision making. It can be approached by

Exploring Adaptation Pathways in the Murray Basin

55

addressing some of the current barriers to various
decisions options identified using analysis of vrk
factors. Actions could include community
consultation, trials with changes in rules, new
research or information sharing. These actions
could have direct impacts on an identified barrier,
but more importantly they can be expected to
stimulate further changes in other v, r and k factors,
resulting in gradual evolution of the decision
context as the community becomes familiar with
various aspects of future decision problems. Such
interventions should therefore be designed so that
managers can observe how they affect the decision
context.
This category includes actions to prevent or closely
manage the adoption of potentially maladaptive
actions.
Monitoring represents a specific type of near-term
activity to enable future decision making. Where a
future decision trigger can be identified, then if
necessary monitoring could be designed and
initiated to ensure that there is sufficient baseline
measurement
and
sampling
density
to
accommodate expected variation in the variable in
question such that the trigger point can be
identified when it is crossed. It is also possible that
suitable triggers might not have to be local or
regional and they may be sufficiently monitored
and reported at the national or global scale; for
example, failure of significant global reductions in
greenhouse gas emissions in the next decade could
be a significant trigger for NRM bodies to start
implementing some significant actions, on ground
changes in local climate might not be necessary.
To help explore the temporal dimensions of
different decisions and environmental change, it
may be useful to arrange different sequences of
decisions as different pathways along a timeline.
Such mappings can highlight key decision points
and dependencies. Examples from our case studies

can be found in Chapter 2, and in Siebentritt et al.
(2014).
In our experience in this and other projects in NRM,
many decisions are not discrete and can be hard to
arrange meaningfully in a simple sequence. In such
cases it is important to see the pathways mappings
as analytical tools rather than plans. Further,
exploring the social and institutional issues
associated with future decisions can be more
revealing than deliberating over sequencing.

4.4 Additional elements
Our experience has been that the adaptation
pathway analysis is challenging. It can be unfamiliar
and difficult because it requires participants to
engage with many new concepts and think
explicitly about issues in ways they might not be
used to, and it can be uncomfortable, where a
revelation may question accepted wisdom or
current practice. As such, it is particularly important
to give consideration to the processes by which the
steps above are implemented, including how hard
and fast participants are pushed, how much they
are helped, the number and nature of learning
opportunities, and the need to avoid confusion.
Here we describe four elements that may help
facilitate an adaptation pathway analysis process;
each element potentially intersects with all of the
previous steps.

4.4.1 Facilitation and examples
In the adaptation pathway process there is a tradeoff between making the process as easy as possible
to complete and maximising the opportunity for
participants to learn by exploring concepts using
their initiative, drawing on their own experiences,
and trying and failing and trying again. A key part of
this is the level of facilitation provided to each table
group as they work through each step. In this
project each step was explained in plenary, then
undertaken in small groups, and discussed
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afterwards in plenary. We chose to have the small
groups self-organise, with facilitators roving
between tables. Most of the time this worked:
groups mostly worked out their own way through
the tasks, some groups benefited from trying one
approach to a step then changing track, others
needed guidance at key points. On balance we felt
this worked well, and provided good learning
opportunities, but some participants provided
feedback that more facilitation would have been
better.
Where groups of participants are diverse and have
less shared understanding it may be necessary to
have stronger facilitation and possibly more time
allocated to establishing a safe environment for
sharing different perspectives, expectations and
understandings.
Similarly, it might be useful to use pre-prepared
examples to illustrate the steps and concepts being
used. In the Albury workshop, we chose to use few
outside examples. We had no examples of the
whole process that we could draw on, but for many
of the steps we could have found examples or
created hypothetical ones. However, we chose to
let participants directly apply the concepts to the
cases they were analysing. This was partly to avoid
the situation where participants merely copy the
example rather than engage with the concepts, as
we had witnessed in previous (unrelated)
processes. Where we did introduce an example at
one point, rather than help illustrate a concept it
led to a response (from some) that their real-world
example was more complicated than the example.
Chapter 2 provides examples of the workings of the
four adaptation pathway analyses undertaken in
this project. Many more examples are emerging as
NRM groups and others continue to implement
adaptation pathways approaches in planning.
When choosing the topics to analyse using
adaptation pathways there is an underlying tension
between choosing a topic that is very tangible, such

as a specific wetland or ecological community, as
opposed to a more generic topic such as
‘revegetation’ or ‘land use change’. A narrow topic
might be easy to work through, but in practice NRM
bodies would not be able to go through an
adaptation pathway analysis process for every
asset or specific issue in their purview. However,
even where narrow topics are chosen, it is likely
that the issues discussed and the realisations,
especially regarding decisions context and
timeframe, would be much more widely applicable.
In the guidance suggested above, we have put more
emphasis on development of the topic (co-framing)
and revisiting it, than we had in the Albury
workshop.
While facilitation, examples and careful selection of
the topics could help participants complete the
activities in each step, this might be necessary
where the objective of the analysis process is to
develop a clear set of near-term actions in the
context of alternative long-term pathways.
However, where more emphasis is being placed on
learning about the adaptation concepts, a more
hands-off workshop process may allow participants
to explore the concepts and how they apply, and
adapt and gain ownership of the process.

4.4.2 Glossary
Dealing with adaptation to climate change in
general and the adaptation pathway process in
particular requires describing and thinking about
new concepts. It is very easy for people to think
they have a shared understanding of a topic
because they use the same terms. When
considering adaptation and changes to systems
with many components and stakeholders it is
important to keep unpacking terms and check there
is a common understanding of concepts. At the
moment there is no perfect set of uniquely
understood terms for all things related to
adaptation of NRM, so it may be worth placing
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more emphasis on shared working understandings
of terms and concepts than on literal definitions.
One way to do this may be to develop a glossary for
the project. This would help avoid confusion about
multiple or precise meanings of terms, and would
also provide another opportunity for collaborative
exploration of concepts.
Participants could develop the glossary as the
process progresses each time a potentially
ambiguous term arises. The glossary for this report
could serve as an example.

4.4.3 Review
We have stressed that the adaptation pathway
analysis process is likely to be unfamiliar to many
participants, and that much of the value is in
learning from engaging with the concepts rather
than the tangible outputs. We therefore suggest
that effort be spent on reflection and reviewing
during the process. This would help clarify
emerging issues, identify where people are
struggling and reduce confusion around concepts,
and would also provide a basis for continual
improvement of the adaptation pathway analysis
process. Such reflection could check on how
participants are handling the process: are they
comfortable, does it need to be faster or slower, do
they need more help? It could clarify discoveries
relevant to the specific NRM topics. It would
provide an opportunity to share and discuss
revelations about climate adaptation, such as the
utility of different concepts, the types of
information that might be useful for adaptation,
the skills and expertise that might be useful in
pathway analysis, the partners that an NRM body
could involve in adaptation planning, clarifying
what issues need further analysis, and so on. In
particular, it may be useful to track changes in how
participants frame the task of adapting to climate
change, including their perception of their agency

to undertake adaptation, their role in adaptation
and that of their organisations.
Critically, regular reflection will provide an
opportunity for participants to learn from the
experience of other people in the room. In our
projects the four groups, by virtue of their topics,
organisations and individuals, each had quite
different experiences and discoveries, and the
plenary discussions were very rich as a result. If
time permitted, it might be productive to rotate
some participants between tables at key points in
the process.
As well as reflection during and at the conclusion of
a pathway analysis, it may also be informative to
conduct follow-up reviews, say, in twelve months
or after their next NRM plans have been developed.
The review could assess whether concepts have
stuck with participants, whether they have spread
to others in their organisations or communities,
whether they have gone on to use an adaptation
pathway approach, whether they have changed
how they approach adaptation, and whether they
have included different things in the NRM or
adaptation planning.

4.5 Some practicalities
implementing an adaptation
pathway process
4.5.1 Outcomes
Various outcomes are possible from an adaptation
pathway analysis process. The most obvious
outcome might be gaining key insights about a
specific adaptation problem to inform a planning
process. However, the process can also be expected
to lead to a greater understanding of the challenges
of climate adaptation and the considerations it
involves, and familiarity and working experience
with the new concepts. These later outcomes
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contribute to capacity to undertake adaptation
planning, whether or not a pathways approach is
formally used. Different preferences for these
outcomes would shape how a pathways analysis
process might be designed and implemented.

4.5.2 Participation
An adaptation pathway analysis could be
conducted internally within an organisation, or
could include external stakeholders and other
partners. The analysis is potentially disruptive of
the status quo as it involves consideration of
transformation of the system, making different
decisions and possibly making decisions in different
ways. To be effective this needs to be done in a safe
environment, with a high level of trust and a good
level of shared understanding. This can be achieved
more readily in an internally-focused analysis.
However, almost by definition, the system changes
that are being considered will have impacts on
multiple sectors and stakeholders. Furthermore, it
will be the changes in preferences, understanding
and decisions of multiple different external
partners that will determine the future decision
context of the NRM organisation. Hence, a more
effective pathway analysis might seek to include a
range of stakeholders. Indeed, in the right
circumstances, a pathway-type analysis could be an
effective focus for engaging stakeholders in
deliberation about adapting to climate change and
other long-term, cross-sector issues. Including
diverse stakeholders, for their different values,
institutional perspectives, experiences and
knowledges would necessarily mean a lower level
of shared understanding and common experiences,
and greater potential for misunderstandings and
conflict. Such situations may warrant stronger
facilitation and more attention in the process
eliciting different perspectives and co-production
of alternative futures, pathways and insights about
the decision context and the timing of adaptation.

4.5.3 Timeframe
The adaptation pathway analysis was trialled as a
two-day workshop. This particular workshop was
intensive and hard work to participate in and to
facilitate. It would be cognitively easier, with
greater learning opportunity, to spread the analysis
over a series of single day workshops separated by
periods allowing for reflection and offline
refinement and preparation between key stages
(e.g. Siebentritt et al. 2014). However, such a
process would require a greater level of
commitment from participants, especially where
significant travel to attend is involved.
A slightly modified version of the two-day
workshop agenda used in Albury is included in
Appendix A . The agenda was based around
breakout sessions where table groups worked
intensively on pathway analysis activities, and
regular plenary sessions for discussion and
reflection. This allowed for regular sharing between
the groups and a change of thinking mode for the
participants. This regular opportunity to reflect was
valuable and could be retained even where there
was only one group or topic being analysed. The
four groups required different amounts of time and
were challenged in different ways by each step.
Where groups were getting stuck on a step, moving
forward to the next step helped clarify what was
required. We recommend, as a variation from the
included agenda, that more time on the table
groups be allocated be to confirm the focus of each
topic to ensure there is a shared framing of the
scope and scale of the themes being explored.
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5. Conclusions
Adaptation pathways analyses offer a way to gain
powerful insights about the challenges that NRM
organisations and their stakeholders may face in
the future, and the actions they can take in the near
term to enable more effective and timely
adaptation as the climate continues to change. This
project trialled an adaptation pathway process
based on the concepts of: 1. system
transformation; 2. focusing on future decisions
rather than impacts; 3. assessing the context within
which decisions are made; and 4. the temporal
dependencies of future decisions.

adaptation pathway approaches in other planning
projects. In addition NRM organisations in the
Southern Slopes cluster also participated in an
adaptation pathway project. With these and other
developments a significant body of experience with
adaptation pathways is being generated in regional
NRM and local government in Australia. We believe
this will significantly build the capacity to adapt to
near-term and more significant future climate
change across many sectors.

All four of the concepts led participants to have new
insights about adaptation. In particular, the idea
that decisions are shaped, enabled and constrained
by values, rules and knowledge enabled
participants to see adaptation and other difficult
NRM decisions in a different way.
The analyses undertaken provided immediate
assistance to some participants with their planning
of specific NRM issues in the face of climate change
and other pressures. All participants gained a
deeper understanding of the complexity of
adapting to more significant levels of climate
change that might be experienced towards the
middle or end of the century. They were able to
explore the multi-sector and multi-level nature of
the adaptation challenge, and the ways in which the
actions and perspectives of groups outside their
organisation would have a significant bearing on
how their organisation might be able to respond.
They were also able to gain insights about how their
near-term planning and management could help
shape their future decision context to enable more
effective adaptation.
The project was a trial of the adaptation pathway
process, and participating NRM organisations and
the research team gained valuable lessons and
experience with the design and implementation of
the process. Subsequently several organisations
which participated in this project have used
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Workshop agenda

Slightly modified version of the agenda for the two-day workshop held in Albury 31st March and 1st April 2014

Time

Session
DAY ONE

5

Welcome

10

Recap process; confirm selection of decision areas.
Some important language.

40

Round table: What you want to get out of this?
(For the planners) How you think adaptation pathways might be used in your planning?

10

Brief outline of each decision area: where, what, current issue, trends

20

Breakout 1: Current services and benefits; current management; key climate and other change drivers

20

MORNING TEA
Breakout 2: Thinking about the future, not the journey there.

20

Describe alternative future states and services/benefits in each; future management regimes needed to
maintain each state and receive services/benefits under the driver. (In enough detail to contrast with
current management regime. It’s hard, you can add more states later.)

10

Reflection: How is the process going?

20

Breakout 3: Identifying changes in management regime required to transition to management of each
different state. Does it involve clear decisions points or a more continuous change process?

10

Reflection: Have you learnt anything more about your system?

60

LUNCH

20

Reflection: How is the process going?

30

Breakout 4: Revise alternative states, services, management regimes; or race through another decision
area

45

MID-AFTERNOON CHANGE-UP
Discussion 1: Triggers of change. Not restricted to the case studies.
– Your examples of past state/management regime changes: what changed, what were the triggers?
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– Primer on factors enabling and constraining decisions: decision context, vrk
20

20

TEA BREAK
Breakout 5: Number each of the decisions/transitions from above.
Do we currently have the capacity and governance to implement each of the decisions identified above?
Barriers, enablers and triggers to transition from one management regime to another.

15

Reflection: Has today given you any insights for adaptation planning processes?
CLOSE
Workshop dinner
DAY TWO

15

Reflections
Breakout 6: Reminder about vrk – add them to the table

20

Barriers, enablers and triggers to transition from one management regime to another, or promote a
gradual change
– What information might be needed in the future?
– What changes in process, strategy, and government policy would be needed to in the future to enable
certain decisions that might be made?
– What issues might community constitution need to focus on to enable key decisions in the future?

30

Discussion 2: What have we learnt about vrk as barriers and enablers?

10

Reflection: how’s the process going?
Breakout 7: Decision timeframe for each management regime transition.

30

How long would it take to know a change was needed? Then to implement a change? And for it to have
the desired impact?

20

MORNING TEA

20

Breakout 8: Are there time dependencies between different decisions to transition management? How
long before or after a given climate impact must the management change be made (considering the time
till it has its desired effect)?
Breakout 9:

30

Map out alternative pathways through the decisions.
Which decisions are most critical: closing or making options; difficult to make?
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Do any future states now drop out as not very likely/feasible?
30

LUNCH

30

Discussion 3: Is adaptation to climate change being framed at the right scale? Are there new interactions
and cross-scale or cross-sector effects that call for a change in the way we approach adaptation?
Should we focus on the critical decisions, or enabling that type of decision to be made?

10

Reflection: how’s the process going?
Breakout 10: From future gazing to action

20

What near-term actions might make the critical decisions easier?
Can the critical decisions be delayed, brought forward?

30

Discussion 4: Immediate implications for CMA / planning?
– Can your current monitoring and evaluation loop effectively prepare you to deal with the issues
identified?
– Are you currently dealing with uncertainty well enough?
How can you influence the decision context?

30

Discussion 5: Any lessons from the process? What was useful? Things to improve? Where would more
time/information be better used?

5

AFTERNOON TEA

30

Round table: How will you use the adaptation pathways?

10

Next Steps
CLOSE
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Abbreviations
TERM

DEFINITION

ACT

Australian Capital Territory Natural
Resource Management

CSIRO

Commonwealth Scientific and
Industrial Research Organisation

GBCMA

Goulburn Broken Catchment
Management Authority

MLLS

Murray Local Land Services, NSW

NCCMA

North Central Catchment
Management Authority, Victoria

NECMA

North East Catchment Management
Authority, Victoria

NRM

Natural Resource Management

SENRM

Natural Resources South East, South
Australia

RLLS

Riverina Local Land Services, NSW

VRK

Values, rules, knowledge
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Glossary
TERM

DEFINITION

Adaptation
pathway

An anticipated sequence of decisions
that progressively shapes the
transition of a system as it responds
to climate change. Alternative
pathways could be identified as a
result of key decisions that lead to
notably different outcomes.

Agency

The ability of an individual or
organisation to undertake a
desirable action. Need to avoid
confusion with agency meaning an
organisation, such as NRM bodies.

Alternative
states

States of the system that are
recognisably different from each
other, in response to drivers of
change and/or management.

Decision
context

The societal factors that shape how
decisions are made and which
decision options are or are not
available to decision makers.
Decision context shifts through time.
The values-rules-knowledge
framework is useful for analysing
decision context and how to
stimulate its evolution (Dunlop and
Gorddard 2016; Gorddard et al.
2016).

Institution

The formal and informal rules,
including legislation, regulation,
guidelines and societal norms that
guide decision making. Need to
avoid confusion with institutions as
organisations.

Management

Actions connecting the state of a
system and the benefits it provides.
The things people do to maintain the
flow of benefits, including extractive
management and management to
maintain the state.

Management
regime

The suite of management actions
and decisions that act together to
influence a state or deliver benefits.
Each alternative state may have an

TERM

DEFINITION

alternative management regime,
even if they use similar tactics
(sustainable diversion limits,
strategic planning, etc.)
Management
transitions

Changes from one management
regime to another. Easy to think of
as a step change, e.g. establishment
of irrigation, but can happen more
gradually as well. Management
transitions will be associated with
deciding to take one or many
choices that are different from
previously.

Services and
benefits

The benefits to people arising from
the state of the system: income,
enjoyment of nature, reliable
drinking water, resilient (social)
community, etc. These vary between
states; the current state might have
the most benefits, but it’s unlikely
that all alternative states have none.
Benefits depend on what people
value, and these change over time.

State

A description of the biophysical
aspects of the system: the type of
ecosystems and land uses, hydraulic
flows, fire regime, etc.

System,
socialecological
system

The community and landscape that
regional NRM bodies are situated
within. The term highlights that
these are dynamic entities with
many interactions. They have many
dimensions including social, physical
and biological. While a system may
have a characteristic scale it will also
be influenced by systems at larger
and smaller scales. States, benefits
and management provide different
descriptive slices through socioecological systems.
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