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Abstract. Decentralised approaches to water governance have emerged as a common approach to tackle complex envi-
ronmental management issues inAustralia and elsewhere. While decentralisation offers hope for a more holistic, integrated
and effective approach to environmental planning decisions and solutions, challenges remain to put these ideals into prac-
tice. The present paper focuses on a key component of this approach to environmental planning and decision-making –
the integration of different types of knowledge used to inform planning goals and the design of water quality manage-
ment programs. The analysis draws on knowledge integration issues surrounding the water quality improvement plan in
the Tully–Murray basin in north-eastern Australia. Here, government and non-government stakeholders are coordinating
efforts to assess water quality condition and set management priorities for improving the quality of water entering the
Great Barrier Reef World Heritage coastal lagoon. Our analysis of the kinds of knowledge and mechanisms of translation
involved highlights three main points. First, the tensions between the uncertainty and bias in different types of knowledge
brought to the planning table. Second, the timing of knowledge contributions that affects if and how knowledge contribu-
tions can be debated and integrated. Finally, the challenges faced by local collaborative groups to broker the translation
and integration of knowledge needed to inform strategic environmental decisions and programs.

Additional keywords: boundary organisations, collaboration, Great Barrier Reef catchments, local knowledge, watershed
planning.

Introduction

Planning has been defined as the deliberate translation of know-
ledge into action needed to achieve equitable and sustainable
goals (Friedmann 1987). In planning research, the types of
knowledge available to inform sound planning decisions, and
the mechanisms of translation involved, have been the subject
of intense interest (Lane et al. 2004; Margerum and Whitall
2004). In environmental planning in particular, knowledge inte-
gration and translation have expanded from a ‘rational’scientific
approach to encompass local knowledge and informal institu-
tions to inform planning decisions and directions (Healey 1997).

An emerging ‘bottom-up’ or decentralised approach to envi-
ronmental planning and management in which knowledge inte-
gration and translation occurs has rapidly become more common
in Australia and overseas (Corburn 2003; Lane and Robinson
2009). In this context, decentralisation refers to the devolution of
state powers, resources and decision-making responsibilities to
non-statutory bodies that are deemed to be closer to the problem
(Ribot 2002). This approach seeks to bring greater contextual
understanding required to develop more effective and appropri-
ate solutions (e.g. Healey 1997; Sabatier et al. 2005). It contrasts
with ‘top-down’ technical planning modes that focus on the
translation of scientific or technical knowledge to achieve the

most efficient means of achieving planning objectives. Know-
ledge integration through decentralised planning does not reject
rational–scientific reasoning, but suggests that it must be incor-
porated into a process of social deliberation about the relevance
and interpretations of information (Innes 1995). Yet, the inte-
gration of scientific and non-scientific (i.e. local) knowledge to
inform public planning decisions poses key challenges to trans-
lating decentralised planning ideals into practice (e.g. Robinson
and Munungguritj 2001; Lane et al. 2004).

Critics emphasise that decentralised planning decisions that
privilege local knowledge have limited capability to tackle large
complex environmental problems or to influence higher level
governance and decision-making structures (Kellert et al. 2000;
Margerum 2007). Lane and McDonald (2005) call for planning
approaches to question any information that is used as evidence
to base planning decisions. Others warn of the bias stake-
holders place on equating successful interpersonal relationships
and sound institutional design with success in the achieve-
ment of broader social and environmental outcomes (Sabatier
et al. 2005). In contrast, planning decisions continue to fail to
recognise knowledge contributions other than science because
management solutions miss crucial elements of landscapes,
including people and the rules and norms of local communities
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(e.g. Scott 1998). This can have serious disempowering con-
sequences for some marginalised citizens, such as Indigenous
people, whose contributions may be considered ‘irrational’ by
those with power in the planning process (e.g. Robinson and
Munungguritj 2001).

In this paper we examine the challenges associated with
the integration of scientific and local systems of knowledge to
inform sound decision-making in a decentralised environmental
planning environment. We draw on the knowledge integration
processes that occurred to inform water quality planning for the
Tully–Murray basin, far-northern Queensland, Australia.

Methods
The Tully–Murray basin
TheTully–Murray basin is in far-northern Queensland,Australia,
and is one of 35 basins discharging into the Great Barrier Reef
World Heritage Area (hereafter ‘GBR’) (Fig. 1; Kroon 2009).
The basin covers an area of 2787 km2 (Armour et al. 2009),
with main land uses comprising natural forest (71%), sugar-
cane (13%), grazing (5%), plantation forestry (4%), banana
and other horticulture (3%) and urban (1%), with the remain-
ing areas occupied by waterways (3%). The landscape of the
Tully–Murray basin, in particular its floodplain, has been altered
extensively since European settlement (Furnas 2003). Changes
include reduction in (1) area of floodplain vegetation (–80%, to
20.8 km2), (2) riparian area (−60%, to 59 km2) and (3) wetland
area (−69%, to 72.5 km2). These floodplain alterations reflect
exploitation for grazing and timber, and clearing for agricultural
development and associated changes in hydrology and drainage.
In contrast, the current areas of mangrove vegetation do not differ
from their pre-European extent.

Context
Under the Reef Water Quality Protection Plan (‘Reef Plan’),
water quality improvement plans (WQIPs) have been devel-
oped for most catchments in the GBR region, including the
Tully basin (Anonymous 2003; Kroon 2009). The development
of WQIPs is the responsibility of decentralised regional natu-
ral resource management (NRM) bodies, under contracts from
a highly centralised organisation, the Australian Government.
Agreement and support for WQIP development and implemen-
tation is sought from relevant local stakeholders, including State
and Local Governments, thereby forming an agreed approach
to achieving pollutant reductions. Importantly, WQIPs are vol-
untary and recommendations derived from the development of
WQIPs have no statutory power. In the case of the Tully WQIP,
the regional NRM body (Terrain NRM) and the Commonwealth
Scientific and Industrial Research Organisation (CSIRO) insti-
gated the establishment of the Tully Murray Floodplain Program
(TMFP) (Fig. 1) to coordinate and develop the plan. Throughout
the Tully WQIP development and delivery, the TMFP frame-
work was used as a point for inclusive knowledge presentation,
integration and debate.

Analysis of knowledge integration
The focus of the knowledge integration and translation process
was to identify priority measures and actions to contribute to the
Reef Plan’s goal of ‘halting and reversing the decline in water

quality entering the Reef within 10 years’ (Anonymous 2003).
Our research approach draws on the methods used by Margerum
and Whitall (2004) who also negotiated the complementary per-
spectives offered by internal and external perspectives on a water
planning process in the USA. It takes a collaborative research
approach advocated by Forester (1999) and others whereby
an alliance between researchers and planning practitioners is
forged to probe and learn from the day-to-day practice of ordi-
nary planning work to provide insights to planning theory and
planning practice. This necessarily involves mixing data collec-
tion methods and data analysis procedures within the research
process.

We facilitated knowledge contributions as part of the broader
effort to negotiate effective water quality target and delivery
options with members of the TMFP (Robinson et al. 2009).
Facilitated discussions focused on findings and uncertainties
that existed from available science (e.g. Brodie et al. 2009), the
challenge of representing and locating water uses and values of
community members (see Bohnet and Kinjun 2009), and the
need to ensure available knowledge could inform actions that
could be achieved within the institutional context of the water
quality improvement program.

Three focus groups were facilitated among stakeholders.
These comprised the banana industry representatives and grow-
ers, canegrower representatives and Council officers respec-
tively. Each group included members of the TMFP and were
chosen because they were identified as key partners involved
in the delivery of proposed management action targets under
the WQIP (Robinson et al. 2009). In each of these forums,
stakeholders were encouraged to share their views of water qual-
ity problems and feasible solutions based on their own local
knowledge, experiences and understanding of the best available
science.

Results
Science contributions and uncertainties
The Tully WQIP is the first WQIP in Australia that specifically
links receiving water quality guidelines (chlorophyll a) with
end-of-river loads (dissolved inorganic nitrogen, DIN) and land
use and management (fertiliser use) (Brodie et al. 2009). The
capacity to model these linkages, and develop management tar-
gets, was enabled by long-term monitoring datasets, including
monthly summer records of chlorophyll a concentrations across
lagoonal waters since 1992 (Brodie et al. 2007) and DIN data col-
lected (1988–2000) at the Euramo bridge (Furnas 2003). Further
monitoring conducted as part of the Tully WQIP development
enabled cross-validation of modelling results (GBRMPA 2008;
Bainbridge et al. 2009). These linkages supported the develop-
ment of cost-effective land management recommendations using
scenario modelling (Roebeling et al. 2009) and acceptance of
their implementation, to achieve progress towards sustainable
DIN loads. They also highlighted that the GBR water quality
guideline for chlorophyll a will not be achieved with complete
adoption of recommended management action targets (Kroon
2008; Brodie et al. 2009).

Long-term monitoring and associated modelling capacity to
link catchment to reef information are not available for other
pollutants. This includes suspended sediments, nitrogen species
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Fig. 1. Participatory planning, research and engagement framework established to develop and deliver the Tully
Water Quality Improvement Plan (Tully WQIP), showing the central role of the Tully Murray Floodplain Program
Steering Committee within the two main planning and research programs, the development of the Tully WQIP and
the Commonwealth Scientific and Industrial Research Organisation (CSIRO) Floodplain Renewal Program.

other than DIN, phosphorus species and pesticides. Conse-
quently, recommendations for improvements in water quality in
the Tully WQIP were largely driven by practical and achievable
management changes within current land use, rather than by an
effect-based policy for the GBR (Ferrier 2006). Development
of catchment-to-reef models for these pollutants, in combina-
tion with comparative risk assessment, will contribute to more
effective management interventions to achieve water quality
improvement towards sustainable loads for the GBR. Time-lags
between implementation of management practices and changes
of pollutant loads or concentrations at end-of-rivers will need to
be considered in any model linking catchment to reef.

Current loads of suspended sediments, nitrogen, phosphorus
and pesticides in surface waters in the Tully–Murray basin are
most likely underestimated (Armour et al. 2009; Wallace et al.
2009). Depending on the pollutant, over-bank floods may deliver
a substantial amount to the GBR in addition to the currently
estimated annual riverine loads. The largest nitrogen fraction in
over-bank flood waters is dissolved organic nitrogen (DON), as
opposed to DIN in riverine flood waters (Bainbridge et al. 2009),
with the main source most likely to be from upper catchment
rainforest (Wallace et al. 2009). Hence, management actions to
progress towards achieving sustainable DON loads for the GBR
require interventions that slow down and reduce drainage rather
than improved fertiliser management.

The marine receiving waters influenced by discharge from
the Tully–Murray basin was initially estimated as ∼2000 km2

(Kroon 2008), with the exact area depending on the volume and
duration of flow, as well as the direction of currents and winds

(Devlin and Schaffelke 2009). This receiving water body is also
affected by flood plumes from rivers further south (Herbert and
Burdekin Rivers; Devlin and Schaffelke 2009). Thus, imple-
menting management actions in the Tully–Murray basin alone
may not be sufficient to improve water quality towards achiev-
ing sustainable loads for their receiving waters. Moreover, recent
satellite imagery shows that plumes from Wet Tropics rivers,
including the Tully, can extend eastwards across the entire reef
shelf and beyond into the Coral Sea (Devlin and Schaffelke
2009). This spatial extent needs to be validated in the field to
appropriately define the area of the influence of theTully–Murray
basin.

Local knowledge contributions and uncertainties
The collaborators involved in the TMFP partnership strove to
capture local knowledge about the history, state and values of
water quality in the catchment. Although there was broad con-
sensus that water quality had deteriorated in the last couple of
decades, there was less agreement about the specific causes of
water quality decline, the location and priority of environmen-
tal values that required protection in the basin, and the required
programs of action required.

Results from interviews and workshops identified that all
groups use and value the aquatic ecosystems that local water-
ways (including the GBR) provide, as well as their drinking
water and aquatic food values (Bohnet and Kinjun 2009). Differ-
ences and potential conflict between the various values are often
between ‘consumptive’ (e.g. irrigation) and ‘non-consumptive’
(e.g. recreational and cultural) uses. Such conflict may be further
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exacerbated by differences in community perceptions regard-
ing the state of water quality and aquatic ecosystems. Specific
issues and threats related to uses and values of local waterways
were also identified in the interviews and workshops (Bohnet
and Kinjun 2009).

Uncertainty about the application of the community’s uses
and values of local waterways arose during the Tully WQIP
development. The identified uses and values for the GBR were
used to establish the environmental values and water quality
objectives for the GBR, following national frameworks and state
legislation (Bohnet and Kinjun 2009). However, given that the
GBR is on the World Heritage List in recognition of its out-
standing natural values, the default water quality objectives for
the GBR needed to be water quality guidelines and standards
that protect its aquatic ecosystem values (e.g. GBRMPA 2008).
Moreover, uncertainty still remains about the State Government’s
application of environmental values and water quality objec-
tives, which can be scheduled under state legislation in a WQIP
framework that is voluntary and has no statutory power.

The interview and workshop participants identified eco-
nomics at farm and local government levels as one of the main
drivers causing landscape, land-use and environmental change
having an impact on water quality and quantity (Bohnet and
Kinjun 2009). Participants provided several suggestions to miti-
gate these impacts, indicative of the importance placed on water
quality as a well-being factor (Larson 2008), as well as the com-
munity’s aspirations and commitment to improve water quality
in the Tully–Murray basin. These suggestions were taken into
account in the development of management actions for the Tully
WQIP (Kroon 2008).

The need to reduce nitrogen fertiliser run-off from farms
was acknowledged by agricultural stakeholder groups (Robinson
et al. 2009; Roebeling et al. 2009). Management practices that
could potentially reduce nitrogen fertiliser run-off were iden-
tified through workshops, interviews and questionnaires with
industry partners and experts (Roebeling et al. 2009). The cost-
effectiveness of these management practices was subsequently
assessed in land management change scenarios (Roebeling et al.
2009). Considerable uncertainty, however, surrounded the cur-
rent uptake of these (and related) management practices, with
estimated adoption rates differing widely between farmers and
industry experts. Workshops with agricultural and local council
stakeholder groups provided insights into feasibility and equity
issues surrounding the delivery of proposed water quality objec-
tives (Robinson et al. 2009). Landholders emphasised that local
industry knowledge needs to continually inform the design and
timing of fertiliser management targets and associated incentive
programs. This requires ongoing dialogue so that management
programs are acceptable and realistic for agricultural produc-
tion systems operating in this landscape, and are responsive to
the dynamics of landholder capabilities and livelihood needs
(Robinson et al. 2009).

Discussion

The practice of knowledge integration for the Tully water
quality planning process highlights the challenge of integrat-
ing and translating scientific knowledge and local perspec-
tives and values into strategic and effective environmental

decision-making. In dynamic biophysical and social environ-
ments, such as far-northern Queensland, the generation of both
scientific and local contributions takes time (McDonald and
Roberts 2006). This may be due to limits in available data or
the need for considered deliberation and discussion that under-
pin local views and decision-making. In the Tully, the time taken
to fill certain knowledge gaps caused significant delays to enable
other knowledge contribution and integration activities. It also
reflects the broad planning context in which management deci-
sions are negotiated, which in turn is affected by the degree to
which the collaborative efforts nurture the culture of knowledge
sharing, learning and change (Berkes 2007; Muro and Jeffrey
2008). A clearer and more consistent policy and delivery frame-
work of State and Federal governments could have contributed
to a more integrated and influential approach to water quality
planning in the Tully and across the GBR.

One of the main challenges in using different sets of know-
ledge to underpin environmental decisions revolves around
knowledge translation into management programs and respon-
sibilities (Lane and McDonald 2005). The establishment of
a durable partnership (i.e. TMFP) enhanced knowledge inte-
gration at the catchment scale, and provided a framework for
coordinating and integrating large amounts of fragmented and
uncertain information from research, community, government
and industry. This process, combined with the socio-political
knowledge of the regional NRM body and industry groups,
was crucial in securing initial Government resources to com-
mence WQIP implementation. The effectiveness of this process
to achieve planned outcomes does need to be assessed against
other decentralised and centralised planning approaches (Koontz
et al. 2004). The lack of (sustained) participation by some stake-
holder groups responsible for and/or affected by water quality
issues, contributed to the knowledge integration challenge. This
prolonged necessary collaborative planning and management
efforts for almost a year. Moreover, unequal knowledge–power
dynamics were evident as Government agencies delayed con-
tributions and commitment to planning discussions, scientific
evidence was contested by local landholders, and local know-
ledge struggled to translate into catchment-wide and Reef water
quality decision-making.

Biases in scientific and local knowledge contributions can
lead to tensions in the knowledge integration and translation
process (cf. Fischer 2000; Corburn 2003). In the case of the
Tully WQIP, local uses and values that reflected inland basin
priorities for the local community (Bohnet and Kinjun 2009) did
not match the scientific studies focused on the decline of water
quality entering the GBR (Bainbridge et al. 2009). Early TMFP
discussions were dominated by the erosion damage caused to
riverbanks and locally important waterholes by floods and feral
pigs, placing sediment management as the key priority for local
Tully communities. Yet scientific studies indicated that nitrate
and herbicides are the key pollutants delivered from the Tully–
Murray basin to the GBR (Bainbridge et al. 2009). Given the
focus of Reef Plan WQIPs to improve water quality to the GBR,
combined with public investment in WQIP recommendations,
the key priorities had to focus around improved fertiliser and
herbicide management.

Our experience highlights that decentralised planning organ-
isations, such as regional NRM bodies, are limited in their
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capacity to facilitate the integration and translation of scientific
and local systems of knowledge at the catchment and Reef scales
(cf. Lane et al. 2004). Cash et al. (2002) highlight that a central
question that needs to be addressed here is whether collaborative
groups can effectively help ‘manage the boundaries’ to ensure
that salient, credible and legitimate knowledge informs decision-
making for sustainable development. This became particularly
evident in the integration and translation of identified community
uses and values of local waterways into environmental values and
water quality objectives that the State Government is obliged
to protect under state legislation. This process created tensions
when the knowledge shared and negotiated within the context
of a scientific study (Bohnet and Kinjun 2009) was retranslated
into a planning process to inform WQIP decisions. For devolved
planning approaches to have significant management and pol-
icy influence, knowledge used needs to be clear and negotiated,
in support of such approaches (Margerum and Whitall 2004;
Healey 2006). A consistent approach to the development of
WQIPs across the GBR would have facilitated strategic water
quality management at a GBR scale that addressed the unique
land management issues facing each region. Moreover, such an
approach would have clarified how the sum of WQIP regions
would contribute to water quality improvement for the com-
plete World Heritage coastal lagoon, a critical issue that remains
unresolved.

In summary, the integration of different forms of knowledge
to inform strategic environmental decision-making is a critical
challenge facing efforts to decentralise planning decisions to
non-statutory organisations (Healey 2006). Although desirable,
in practice this ideal is difficult to achieve (Cash et al. 2002).
The knowledge integration experience that underpinned theTully
WQIP process highlights some of these challenges, in particu-
lar the need to ensure planning processes make explicit both if
and how knowledge systems are used to inform programs of
action. This would require more sophisticated decision-making
systems that can better address the politics and power dynam-
ics that underpin knowledge claims and translation into planning
practice (Forester 1989). Such approaches can build the capacity
in environmental governance to be responsive to uncertainties
inherent in challenging environmental management environ-
ments that exists in regions such as the Great Barrier Reef.
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