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ARTICLE INFO ABSTRACT

Keywords: Governments in Australia and internationally are experimenting with policy instruments to facilitate the

Adoption adoption of farming practices with reduced environmental impacts. The Great Barrier Reef (Australia) is one such

/];:\fgfnctfltural practice case, where sustained efforts over 20 years have yielded insufficient progress towards targets to reduce the
ectiveness

impacts of agriculture on water quality in downstream marine ecosystems.

We present a critical review of policy instruments as implemented in Great Barrier Reef catchments. We
catalogue the evolving mix of policy instruments employed in reef programs, and examine evidence of the
effectiveness of agricultural extension, financial incentives, and direct regulation of farming practices. There is
little robust evidence to assess instrument effectiveness, in part due to the evolving mix of the instruments
employed, weak program evaluation and heterogeneity of agricultural enterprises. We identify the need to
improve the understanding of instrument fit to landholders and enterprises. We recommend a modelling
approach to clarify pathways to impact and guide improved policy evaluation.

Great Barrier Reef
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Water quality

1. Introduction

While a major source of global food, agricultural production systems
are also a major driver of global environmental degradation, including
water extraction, water quality pollution, soil degradation, greenhouse
gas emissions, and impacts on biodiversity (Carvalho et al., 2019;
German et al., 2017). The failure of agricultural systems to provide
public goods such as ecosystem services (including water quality) occurs
due to a lack of fully defined and allocated property rights for these
goods and services (see Bromley, 1989, 1991; Challen, 2000; Commons,
1924; Schlager and Ostrom, 1992 for a discussion of property rights and
market failure). Market failure is frequently exacerbated by other factors
such as power imbalances and weak institutions that facilitate rent
seeking behaviours. When rights are not well defined and the resulting
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externalities are under or uncompensated, government intervention, in
one form or another, may be justified (Bromley, 1991; Challen, 2000) as
long as this is welfare enhancing (Whitten and Bennett, 2005).

Policy instruments are “the techniques through which governments
generate, evaluate, and implement policy options” (Capano and Howl-
ett, 2020, p. 1). Policies to reduce the environmental impacts of agri-
culture draw upon a variety of instrument types, while policy
instruments across multiple policy domains (e.g., environment, agri-
culture, regional development) will influence resource use and man-
agement (Blackstock et al., 2020). Broadly, policy instruments used to
encourage adoption of more sustainable farming practices include in-
formation provision (suasive instruments), financial instruments, and
regulation, supported by research and development and monitoring and
evaluation (Ronchi et al., 2019). Agricultural extension programs are
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information provision services that have traditionally sought to
encourage the adoption of new technologies to improve productivity
and profitability (Norton and Alwang, 2020) but are now incorporating
sustainability objectives as environmental policies seek to reduce the
agricultural footprint] (Pannell and Claassen, 2020). Governments also
use grants and subsidies, market-based instruments, and direct regula-
tion (Shortle and Horan, 2013). Policy scholars also recognise indirect
procedural instruments that support the implementation of the direct,
substantive instruments described above (Howlett, 2019). Instruments
may shift from their original design through implementation (Thiel
et al., 2015). In practice, many instruments are hybrids (a mix of pure
suasive, financial, and regulatory instruments) or rely on other in-
struments to be effective (Blackstock et al., 2020). The mix of policy
instruments evolves over time as policy objectives and political imper-
atives shift (Bouma et al., 2019).

In Australia, and internationally, policies have failed to address ag-
riculture's environmental footprint, which remains the leading cause of
major water quality problems around the world (Alons, 2017; Ribaudo
and Shortle, 2019; Shortle et al., in press). While environmental in-
dicators (such as water quality) are used to assess overall policy out-
comes, the influence of many other factors limits their relevance as a
measure of policy effectiveness (Mickwitz, 2003). For example, Waylen
etal. (2019) found that EU policy evaluation focussed on environmental
outcomes but not policy effectiveness, and that it was unclear how
evaluation informed policy decisions at any level. There are limited
methods available to assess the effectiveness of individual policies and
policy mixes (Weber et al., 2014). Capano and Howlett et al. (2020)
identified the need for more research on policy instruments, including
understanding the patterns of instrument use, complex behavioural re-
sponses, monitoring and evaluation challenges, and the dynamics of
policy implementation.

Policy makers frequently believe that behavioural change will result
if the correct balance of positive and negative incentives is applied (e.g,
financial support and regulation) (Capano and Howlett, 2019; Howlett
et al., 2020). However, adoption responses vary with technology (or
practice), population and enterprise characteristics, and the broader
context (de Oca Munguia and Llewellyn, 2020; Kuehne et al., 2017;
Pannell and Zilberman, 2020). Despite extensive research on the adop-
tion of agricultural practices (see, for e.g., Liu et al., 2018; Prokopy et al.,
2019; Ranjan et al., 2019; Wauters and Mathijs, 2014) no simple pre-
dictive model of landholder responses to policy instruments has
emerged to inform policy design (Pannell and Zilberman, 2020). This is
in part due to the heterogenous context in which farming takes place
(diverse industries and farming systems) (de Oca Munguia and Llewel-
lyn, 2020), but also due to the complex and unpredictable behavioural
responses of individuals and confounding social influences (Strassheim,
2021).

Therefore, there is a need to synthesise existing knowledge about
how policy instruments influence farmers’ behavioural responses and
consider how this is likely to vary across diverse social and geographic
contexts. To address this need, an explicitly multi-disciplinary approach
is required to undertake a critical review of the mix of policy instruments
employed to address diffuse water quality impacts from agricultural
systems in the Great Barrier Reef (GBR) catchments of Queensland,
Australia. Our case study is Australia's GBR, where governments have
invested over $1.1 billion (AUD) over nearly 20 years (Australian
Government, 2020) to reduce agricultural water pollution impacting on
downstream inshore ecosystems. In the following sections, we review
the mix of policy instruments as implemented in the GBR, assess evi-
dence of the impact on water quality and the effectiveness of the main
classes of policy instruments (suasive, financial, regulatory, and proce-
dural instruments). We then identify important information gaps,
discuss the implications for policy, and propose a way forward for
applied research into this problem.
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2. Study area

The GBR stretches 2300 km along Australia's north-east coast (Fig. 1)
and includes 2900 coral reefs, 1050 islands and 46,000km2 of sea grass
beds (Kroon et al., 2016). The GBR was listed as a World Heritage Area
in 1981 for its outstanding universal value (Craik, 1992). It is protected
by both state and federal government laws and policies (Jacobs, 2014;
McGrath, 2010) and is arguably one of the most significant marine
protected areas on the planet (Day and Dobbs, 2013). The GBR supports
64,000 jobs (mostly in tourism) and contributes an estimated $6.4
billion (AUD) per annum to the Australian economy (O’Mahoney et al.,
2017).

In recent decades, the health of the GBR has declined sharply due to
the cumulative impacts of accelerating climate change and ongoing
water quality, fishing, and coastal development pressures (De'ath et al.,
2012; Great Barrier Reef Marine Park Authority, 2019). While anthro-
pogenic climate change and associated coral bleaching events are the
most significant threat (Hughes et al., 2017), water quality is a critical
factor contributing to the loss of resilience in inshore reef ecosystems
(Brodie et al., 2019; MacNeil et al., 2019).

Agricultural runoff is the primary source of water quality pollutants
(Waterhouse et al., 2017), with water quality modelling identifying the
dominant sources as sediment from rangeland grazing lands and nutri-
ents and pesticides from coastal sugarcane lands (Waters et al., 2014).
The federal and state governments have set water quality targets to meet
water quality objectives in the downstream reef lagoon (Brodie et al.,
2017). The water quality risks of different agricultural practices have
been described in a series of water quality risk frameworks for the major
agricultural industries (for example, see Australia Department of Envi-
ronment & Queensland Department of Environment and Science, 2013a;
Australia Department of Environment & Queensland Department of
Environment and Science, 2013b). Water quality risk frameworks and
spatial modelling are used to prioritise policy interventions and in-
vestments at the broad scale (regional, industry) and within programs
(on-farm projects). Annual report cards track practice changes (adoption
of more sustainable farming practices) that occur through water quality
programs, and modelling is used to estimate the water quality benefits
(State of Queensland and Commonwealth of Australia, 2020a).

The current mix of policy instruments for the GBR includes a variety
of agricultural extension approaches, financial incentives, direct regu-
lation, bilateral planning (federal and state governments) and collabo-
rative governance. Despite significant and sustained investment in
multiple policy instruments over the last 20 years, efforts to improve
water quality through accelerated adoption of improved agricultural
practices have yielded insufficient progress (Waterhouse et al., 2017).
For example, the most recently reported results (State of Queensland and
Commonwealth of Australia, 2020b) show 13% of sugarcane land and
36% of grazing land have adopted some improved practices (both
against 2025 targets of 90% adoption).

Finding effective policy responses to diffuse agricultural pollution is
a global challenge. The experience of Australian policy makers is
mirrored in water resource management in Europe and the US (Eberhard
et al., 2017) including California (Duttterer and Margerum, 2014; Uli-
bari and Escobedo Garcia, 2020), Florida (Dengler, 2007; Heikkila and
Gerlak, 2016), Louisiana (Pathak et al., 2021), France (Bréthaut and
Pflieger, 2015; Guerrin et al., 2014), and the UK (Blackstock et al.,
2020). While some countries (e.g., China, Denmark) have demonstrated
water quality improvements, this has generally involved sustained po-
litical commitment, instrument mixes that include regulation, or as a
result of severe economic decline (Kroon et al., 2014).

The GBR is an informative case study in the management of diffuse
water quality pollution from agriculture due to sustained bilateral in-
vestment, targeted prioritisation (of locations and practices), and the use
of diverse policy instruments across multiple agricultural industries at a
large scale. There is a clear need to synthesise existing knowledge about
how policy instruments influence farmers’ behavioural responses and
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Fig. 1. Australia's Great Barrier Reef and adjacent catchments (source: Eberhard, 2018, p. 126).

consider how this is likely to vary across diverse social and geographic
contexts. To address this need, we use an explicitly multi-disciplinary
approach to undertake a critical review of the mix of policy in-
struments as implemented to address diffuse water quality impacts.

3. Methods

We applied a critical realist evaluative lens (Pawson and Tilley,
1997) to the GBR case study. Our analysis was supported by theoretical
understanding and clarified with available evidence from the case study
setting. Critical realist approaches have been adopted by public health
and social sciences to explain complex behavioural responses (Kiss et al.,
2020). Realist evaluations examine the validity of assumptions behind
program theories to understand what works for who, when, and why
(Pawson, 2006). Mechanisms are the pathways through which resources
(in this case, policy instruments) affect changes in reasoning (farmer
decision-making) in a specific context (GBR farmers) that results in an
outcome (adoption of land management practices) (Dalkin et al., 2015).

The application of a critical realist approach in the GBR involved a
focus on policy instruments as implemented, a theoretically-informed
explanation of pathways of impact, and an expectation that behav-
ioural responses are emergent rather than predictable in a linear sense
(Guenther et al., 2020; Michie et al., 2018; Willis, 2012). Consistent with
a realist framing (Capano, 2020; Hasle et al., 2014), we conceptualised
the research problem as the influence of policy instruments (suasive,
financial, regulatory, and procedural) on the adoption of agricultural
practices through mechanisms of behaviour change (changes in

resources or reasoning of the target audience) (Fig. 2). The diversity of
individuals, enterprises, and practices are strong determinants of
whether the instruments trigger mechanisms of behaviour change, and
the broader context (including social, market, climate, and political
forces) are also important. We examined not just evidence of effective-
ness, but causal explanations of the behavioural responses to policy in-
struments that encourage the adoption of improved agricultural
practices.

The analysis of policy instruments must therefore reconcile the
theoretical understanding of how different instruments achieve change
with the messy realities of policy instrument selection and imple-
mentation and the complexities of behavioural responses in diverse
target populations. Policy analysts recommend closer attention to the
mechanisms through which policy instruments influence behaviour to
understand the effectiveness of individual instruments, and ultimately,
the impact of policy mixes (Capano and Howlett, 2020; Dunlop and
Radaelli, 2020; Weber et al., 2014).

We conducted a critical review of the literature to assess evidence of
the effectiveness and impact of policy instruments employed for a spe-
cific environmental policy challenge: to improve agricultural water
quality in Australia's Great Barrier Reef catchments. We adopted the
definitions of effectiveness and impact used by the Queensland Reef
Water Quality Program (Roberts et al., 2018b). Effectiveness is defined as
how well the instrument is delivering outputs that relate to program
objectives (adoption of improved practices) and impact is the measur-
able effect of the whole program (suite of policy instruments) (Roberts
et al., 2018b).
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Fig. 2. Conceptual model of policy instruments influencing farmer adoption decisions.

Consistent with the aims of our study, we adopted elements of two
complementary review approaches — a critical review and qualitative ev-
idence synthesis. The first of these approaches aims to extensively (but
not systematically) review the literature and critically evaluate its
quality, provide analysis, and contribute to conceptual development
that embodies existing or derives new theory (Grant and Booth, 2009).
The search strategy identified the most significant literature in the field,
evaluated their contributions, and produced a narrative, conceptual
synthesis. Grant and Booth (2009) note that while a review of this kind
“does serve to aggregate the literature on a topic, the interpretative el-
ements are necessarily subjective and the resulting product is the
starting point for further evaluation, not an endpoint in itself” (p.97).
We also adopted elements of a second approach, a qualitative evidence
synthesis. This approach typically employs selective or purposive sam-
pling of the literature, “looks across” individual studies, is narrative and
thematic in its synthesis, and is suited to engaging with conceptual
models (Grant and Booth, 2009). In our case, the search strategy
involved disciplinary teams reviewing the relevant academic literature
for specific instruments.’ In taking this approach, we sought to
contribute to evidencing and augmenting the conceptual model of policy
instruments and elements within it, described in Fig. 2, above. The focus
on narrative synthesis and conceptual model building was critical to our
intent to draw across different disciplinary perspectives on the problem
in a synthetic and evaluative way. The comparative weakness of the
approach used here is the lack of systematicity in more structured ap-
proaches, and as such, we do not intend this review to be exhaustive or
quantitative.

To review the implementation of policy instruments for water quality
improvement in the GBR we also developed a typology of instruments
and catalogued the current investments by Queensland and Australian
Governments in practice change projects (that is, projects intended to
directly influence adoption of practices) (for the period 2017-2022, as
known in 2020). Some Australian Government investments extend
beyond this period, while others were still being commissioned at the
time of analysis and writing. The catalogue of program investments
drew on publicly available documentation (see Commonwealth of
Australia, 2021; Great Barrier Reef Foundation, 2021; State of Queens-
land, 2018; State of Queensland and Commonwealth of Australia,
2018b). Budgetary detail prior to the 2017-2022 period was either not
available or not readily comparable; however, program reports,

% Disciplinary teams searched academic literature using the search terms
‘Great Barrier Reef’, ‘water quality’ and ‘agriculture’ and terms specific to in-
struments (e.g., financial instruments included the following terms: tax*, sub-
sidy, subsidies, grant*, tender*, instrument¥, incentiv*, PES, payment*)
covering the period 2003-2020.

evaluation papers, and academic papers were used to identify major
trends in the mix of instruments over time (see, for e.g., Australian
National Audit Office, 2016; Lloyd Consulting, 2011; Roberts et al.,
2018a). Results of the historical analysis were presented to policy offi-
cers and revised based on their feedback.

To assess evidence of effectiveness we adopted an explicitly multi-
disciplinary approach, drawing on academic literature in law, gover-
nance, policy and planning, economics, sociology and behavioural
psychology, and grey programmatic literature (program and project
reports and evaluations). The academic literature was used to identify
the mechanisms through which instruments were expected to achieve
change. The effectiveness of policy instruments was informed by both
academic literature and grey literature. Progress towards water quality
and land management targets drew on the annual public report cards
(Australian Government & Queensland Government, 2021). Results of
each literature review were collated, summarised, and shared between
disciplinary teams. A series of workshops were held to clarify disci-
plinary norms and assumptions, build a shared understanding of rele-
vant policy terms, and discuss findings.

4. Policy instruments

There are many typologies of policy instruments (e.g., Acciai and
Capano, 2018; Vargas and Restrepo, 2019). We applied Vedung's (1998)
simple “carrot, stick and sermon” typology to describe policy in-
struments as either financial (carrots), regulatory (sticks), or suasive
instruments (sermons). Each instrument can incentivise or disincentivise
behaviour. Instruments can be threatened, promised, or imple-
mented—any of which may trigger a behavioural response. Instruments
can be applied to different groups within the production chain, such as
farmers, agronomists, resellers, mills, or importers/exporters, although
in this paper we confine the analysis to instruments used to influence
farming practices.

As Vedung (1998) explains in his seminal paper, financial in-
struments — the carrots — involve either the handing out or taking away
of material resources, be they cash or in-kind. Cash (financial) resources
can be incentives such as grants or subsidies or disincentives such as fees
or taxes. In-kind resources are generally incentives such as free goods or
services (such as farm planning support, for example).

Regulatory instruments — the sticks — are the most authoritative in-
struments in the typology. Regulatory instruments influence behaviour
through formal rules and directives that mandate actions in accordance
with what is ordered. Regulatory instruments can absolutely prohibit
something unconditionally, or can prohibit with exemptions, with per-
missions (e.g., permits, licenses), or with obligation to notify.

Suasive instruments — the sermons — involve sharing information and
knowledge, reasoned argument, and persuasion. Suasive instruments
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can be applied directly (e.g., providing personal advice or workshops for
farmers) or indirectly (e.g., via information sheets and media resources).

The delivery and impact of these three classes of substantial policy
instruments are strongly influenced by aspects of governance that affect
the behaviour of actors (individuals and organisations) that interact
around a policy issue (Klijn and Koppenjan, 2007). Howlett (2019)
therefore argued that governance is an additional, procedural class of
policy instrument. Procedural instruments include activities such as
collaborative planning, capacity-building, knowledge sharing,
brokering and conflict management. Communication strategies for
behaviour change (e.g., social marketing or choice architecture) (Ewert
and Loer, 2020) are another form of indirect instruments that influence
the delivery of the three substantive instruments described above.
Applied research and development is not considered here as a discrete
instrument, but rather a strategy that sits upstream of the instruments
employed to encourage adoption.

In summary, there are three broad classes of substantive policy in-
struments on a scale of increasing authority — suasive, financial, and
regulatory — with procedural instruments influencing the delivery and
impact of the other instruments (Fig. 3).

Different policy instruments each have distinct logics regarding how
they are expected to influence behaviour. However, the assumptions
behind individual instruments are often not explicit nor tested empiri-
cally (Howlett et al., 2020). Suasive instruments assume that informa-
tion and persuasion will influence behaviour through building capacity
and motivation, while financial instruments assume that behaviour is
influenced by the relative costs and benefits of different practices, and
regulatory instruments assume that rules and penalties will motivate
compliance and adoption of target behaviours (Howlett, 2019; Weber
et al., 2014).

In practice, policy makers negotiate the use of policy instruments in
the face of political constraints and in the context of the ongoing social
impacts of past and ongoing instrument use (Henstra et al., 2020). The
mix of policy instruments applied in a particular setting tends to evolve
as multiple strategies are “layered” or “bundled” to address emerging
needs (Howlett, 2019). It is common for increasingly authoritative in-
struments to be added to the mix when responses to voluntary ap-
proaches are deemed insufficient (Howlett, 2019). The key challenge for
governments is therefore to understand how the mix of instrument logics
fit the characteristics of the target population to allow a coherent and
effective mix of instruments to be deployed. However, achieving this is a
significant challenge. Methods to assess the effectiveness of policy in-
struments or policy mixes are not well established (Weber et al., 2014).
Social responses to policy instruments may be context-specific and vary
significantly, even within target populations. Behavioural choices are
influenced by many factors, change over time, and responses may
include various types of fraud and gamesmanship (Howlett, 2020a).
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5. Implementation of policy instruments to improve water
quality in the GBR

This section describes the policy instruments implemented to
improve water quality in the GBR. It draws upon a catalogue of the
current mix of instruments employed by state and federal governments
(2017-2022) and a review of program implementation over time. The
mix of instruments has evolved over the last 18 years (Fig. 4) as state and
federal governments have adjusted their programs. Investments in
extension services have increased over time and now involve a wide
variety of delivery agents including government agencies, natural
resource management (NRM) organisations, agricultural industry
bodies, and private sector organisations. Early investments were domi-
nated by grants; however, the diversity of financial instruments has
increased over time. A small number of market instruments have been
trialled (reverse tenders) and credits and offsets are now emerging as
new instruments. Direct regulation of agricultural practices was first
enacted in 2009, enforcement was suspended with a change in gov-
ernment, then later reinstated and enhanced regulations enacted by the
subsequent government in 2019. Procedural governance instruments
have also varied over time, with a general trend towards more
competitive funding arrangements but also a policy commitment to
collaborative approaches. Overall, the network of delivery agents and
policy instruments has diversified.

The level of investment in substantive policy instruments seeking to
directly influence the adoption of agricultural practices to improve
water quality is presented in Table 1, below, and described in the
following sections. The total investment catalogued in “on-ground”
projects for this period was $390 M (AUD) in real terms (but noting the
data limitations described earlier). As the expenditure across years is not
known precisely, the results are presented as a proportion of the total
investment. The hybrid nature of many investments also creates a
challenge — many financial incentives are delivered through extension
programs (e.g., grant programs).

5.1. Suasive instruments (extension)

The primary form of suasive instrument employed in the GBR is
agricultural extension. Extension services are a critical part of the rural
innovation system, bridging agricultural and environmental research
and development, policy-making, and the adoption of practices or on-
farm technologies, (Pannell et al., 2006). Extension activities includes
where public and private sector actors provide “technology transfer,
education, attitude change, human resource development, and dissem-
ination and collection of information” (Pannell et al., 2006, p. 1408).
Where these efforts seek to proactively work with landholders or farmers
to improve water quality or other environmental outcomes through
adoption of particular management approaches is referred to as “envi-
ronmental extension” (Botha et al., 2008).

Extension-type projects have been a feature of GBR programs since
the first bilateral Reef Plan in 2003 (State of Queensland and

Degree of authoritative force

Suasive instruments

[—;\

mediated  interpersonal cash

—

incentives  disincentives

Financial instruments

[—%

in-kind

Regulatory instruments

absolute conditional
prohibitions  prohibitions
I I ]
incentives with with with
exemptions  permissions  obligation
to notify

Procedural instruments

Fig. 3. Policy instrument typology (adapted from Howlett, 2019; Vedung, 1998).
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Fig. 4. Timeline of major policy instruments for water quality improvement in the GBR.
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Table 1
Relative investment in substantive policy instruments to support adoption of
agricultural practices for water quality (2017-2022) (source: (see Common-
wealth of Australia, 2021; Great Barrier Reef Foundation, 2021; State of
Queensland, 2018; State of Queensland and Commonwealth of Australia,
2018b).

Instrument category Proportion of total investment (2017-

2022)
Suasive instruments (extension) 51%
Financial instruments with extension 36%
Financial instruments without 3%
extension
Regulation and compliance 4%
Other (remediation of major gullies) 5%

Commonwealth of Australia, 2003). The state Department of Agriculture
and Fisheries (DAF) extension services continue to provide a critical role
in the GBR extension networks and receive about $30 million (AUD) in
the current Queensland Government program (2017-2022) (State of
Queensland and Commonwealth of Australia, 2018b). NRM programs
have played an increasingly significant role in delivery of extension-type
services from 2009 onwards (when NRM investments in the reef were
scaled up) (Eberhard et al., 2017; Lane and Robinson, 2009). Best
management practice (BMP) programs led by agricultural industry peak
bodies received significant additional government support from 2013
onwards (particularly in sugarcane and grazing), which was associated
with a change in government and the decision to suspend enforcement
of reef regulations (Eberhard et al., 2017). Industry BMPs continue to be
a major investment, with more than $20 million (AUD) in the current
(2017-2022) program (State of Queensland and Commonwealth of
Australia, 2018b), and sugarcane as the largest beneficiary. The Grazing
BMP program ceased in 2019 following the peak industry body’s deci-
sion to delete practice change data (see Smee, 2019b). In addition, a
lower level of resourcing has been provided for Banana BMP (starting
2016) and a horticulture BMP program (from 2018) (State of Queens-
land and Commonwealth of Australia, 2018b).

Over time, the diversity of extension service providers has grown to
include non-government, industry and subsidised private advisory ser-
vices (Table 2), in line with national and international trends in

Table 2
Types of extension providers in the GBR (after Coutts et al., 2017a; Coutts et al.,

2017b; Fielke et al., 2020).

Providers Primary role / focus of advice

Regional natural resource
management organisations

Government-funded: program coordination
and delivery, awareness, community-based
intermediation, environmental improvement
Producer funded, political representation and
member services
Industry and government funded: research
and knowledge transfer for profitability and
sustainability of agricultural industries
Productivity services associated Locally or regionally based industry-funded
with milling districts for sugar ‘boards’ seeking enhanced yield and
cane productivity
Private consultants through to large ~ Commercial agronomy or related advice on
agri-business companies inputs, tailored advice for decision-making,
resellers of inputs
Monitoring or modelling effectiveness of
interventions; participatory research; science
advice
Applied research, knowledge transfer,
engagement, program coordination and
delivery, maintenance of state interests

Agricultural peak industry bodies

Rural research & development
corporations

Public research agencies and
universities

State government officers from
agriculture and environment
agencies

agricultural advisory services (Klerkx, 2020). In our analysis of the
current mix of instruments, we found that about 51% of program in-
vestments in practice change programs (2017-2022) were invested in
extension services, with an additional 36% invested in hybrid extension
and financial instruments (such as grant programs).

Psychological approaches to behaviour change, such as community-
based social marketing (McKenzie-Mohr and Schultz, 2014), also fall
within the category of suasive instruments. Despite increasing calls to
consider psychological approaches to facilitate adoption of agricultural
practices (Hay et al., 2019; Pickering et al., 2017; Pickering et al., 2018;
Simmons et al., 2020), these approaches have received limited appli-
cation in the GBR (except for the Canechanger program).

The trend of greater diversity in the roles, resources, and modes of
extension advice to farmers contributes to increasing complexity of
advisory arrangements (Blackstock et al., 2010; Phillipson et al., 2016).
This growing diversity of providers can have positive outcomes in terms
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of more individualised advice tailored to specific farm businesses (Birner
et al., 2009). However, there are also concerns that the deregulation of
extension services over the last 20 or more years has contributed to
fragmentation of advice, including a gap between extensionists and the
research and development system (Deane et al., 2018; Prager et al.,
2016). Indeed, there have been calls for improved coordination,
collaboration and training in the advisory system in Australia (Eastwood
et al., 2017) and in the GBR (Coutts et al., 2017b; Great Barrier Reef
Water Science Taskforce, 2016, p. 4) as a prerequisite for achieving
broadscale practice change.

5.2. Financial instruments

Financial instruments involve either the handing out or taking away
of material resources, be they cash or in-kind (Vedung, 1998). Financial
incentives therefore result in a landholder having more or less financial
resources. Different financial instruments achieve this in different ways
(positive or negative, direct or indirect), as summarised in Table 3.

Of the suite of financial instruments available (Table 3), our analysis
shows that only a subset has been implemented in GBR catchments. The
most widely used financial instruments have been those that involve
payments from the government or buying agent, in the form of flat rate
or competitive grants and subsidies to assist with the costs of changing
behaviours. In the early phases of Reef programs (2003—2012) grants
were the dominant instrument, delivered initially through NRM pro-
grams and then scaled up through NRM and agricultural industry part-
nerships. In the current investment phase (2017-2022) all grants are
provided with or through an extension project. These hybrid in-
struments (grants plus extension) comprise 36% of the practice change
investments in this period. A further 3% of practice change investments
were financial instruments without direct extension support (reverse
auctions).

As noted above for extension, our analysis shows that recent years
have seen a greater diversity of financial instruments and delivery ar-
rangements used. Reef trust tenders trialled the use of multiple rounds of

Table 3
Types of financial instruments.

Type of financial instrument Example:

More cash available
Directly through payments by
government

Non-competitive process such as grants
or subsidies

Competitive process such as a tender or
land purchase

For the supply of credits in credit
markets such as offsets

Rate rebate

Tax concession

Concessional loan

Interest relaxation

Dept swap

Reduced stamp duty

Innovative insurance products (e.g.,
yield insurance)

Directly through payments facilitated
by the private sector
Indirectly due to reduced costs

Indirectly due to business support
systems

Less cash available
Directly due to tax or fine

One off tax or fine for exceeding a set
rate of pollution
Incremental per unit over a set rate

1 Phase is defined by the bilateral water quality plans (State of Queensland
and Commonwelath of Australia, 2003; 2009; 2013; 2018a).

2 Reef regulations under the Environmental Protection Act 1994 (Qld) were
passed in 2009 (Great Barrier Reef Protection Amendment Act 2009) and
enhanced in 2019 (Environmental Protection (Great Barrier Reef Protection
Measures) and Other Legislation Amendment Bill 2019).
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Table 4

Summary of financial instruments used in the GBR in last 5 years (source:
Commonwealth of Australia, 2021; Great Barrier Reef Foundation, 2021; State
of Queensland, 2018; State of Queensland and Commonwealth of Australia,

2018b).

Financial Investment Program and Industry (and
instrument source and instrument details region) or focus
(categories as per ~ program

Table 3)

Payment from Australian Reef Trust tenders —  Sugarcane in the
government or Government competitive grants Wet Tropics and
buying agent (Reef Trust) program Burdekin
(e.g., grant) Reef Trust Alliance: Sugarcane, grazing,

growing a Great dairy, horticulture,
Barrier and broad acre
cropping
Project Uplift Sugarcane growers
Farming Systems in Maryborough,
Initiative —includes South Johnstone,
grant funding Mulgrave, and
Tablelands regions.
Reef project — Sugarcane, grazing
includes grant all regions
funding
Queensland Farming in Reef Sugarcane,
Government Catchments bananas, grazing,
(Reef Water program — provides grains, and
Quality funding for horticulture, new
Program) professional advice or expanded
for Reef regulations ~ cropping
compliance.
Grazing Resilience Grazing in the
and Sustainable Burdekin, Fitzroy,
Solutions (GRASS) and Burnett Mary
program — offering
grants for
infrastructure
improvements
particularly those
that improve
ground cover.
Australian Predominantly a Sugarcane and
Government grants program, grazing. All
(Reef Rescue) running from 2008 catchments
to 2013
Queensland Major Integrated Sugarcane and
Government Projects —concerted grazing. Wet
(Reef Water investment in Tropics and
Quality multiple Burdekin
Program) instruments in
specific catchments,
including grant
funding
Queensland Springvale cattle Grazing, Cape York
Government station purchase
(Reef Water and conversion to
Quality refuge
Program)

Purchase from Australian Reef Trust Offsets All industries all
private sector Government (Under the regions if meeting
(e.g., credits) (Reef Trust) Environmental requirements

Protection and
Biodiversity
Conservation Act
1999)
Queensland Reef Credits —
Government stewardship
(Reef Water payments
Quality
Program)

More cash Australian Project Uplift Sugarcane growers
available (e.g., Government Farming Systems in Maryborough,
in (Reef Trust) Initiative — program South Johnstone,
compensation includes cheap Mulgrave, and
for increased loans, funded by a Tablelands regions.
costs) partner on the

project: MSF Sugar

(continued on next page)
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Table 4 (continued)

Investment
source and
program

Financial
instrument
(categories as per
Table 3)

Program and
instrument details

Industry (and
region) or focus

More cash Not used N/A N/A
available due
to reduced risk

Less cash
available due
to tax on
polluting input
or output

Not used N/A N/A

market-based instruments in the wet and dry tropics. Market based in-
struments such as tenders are perceived to address some of the cost in-
efficiencies of grant-based programs. Several financial instruments
supported by the private sector have also emerged — Reef Trust offsets,
Reef credits and carbon co-benefits (e.g., Queensland’s Land Restoration
Fund) and these are not included in the financial figures summarised
here. It should also be noted that offsets and carbon projects rely on
other legislative instruments — the Environmental Offsets Act 2014 (Qld)
and the Carbon Farming Initiative Act 2011 (Aust.) respectively. In
addition, Reef Trust Project Uplift Farming Systems Initiative, working
in partnership with the private sector, provides a mix of financial in-
struments in the form of both grants and interest-free loans.

5.3. Regulation

Regulation is the development of enforceable rules (often through
legislation) in which there is an expectation of compliance (State of
Queensland, 2019c). Although the use of regulation to address GBR
water quality was first proposed over a decade ago (Great Barrier Reef
Protection Amendment Act, 2009 [QIld]), it was not until relatively
recently that this featured as a central instrument in the policy approach.
The 2009 regulations were highly contested by agricultural industry
peak bodies, and with a change of government in 2012 it was announced
that the regulations were “on ice” and all enforcement activities would
cease (and investments in industry BMPs were increased) (Eberhard,
2018). After the next election (2015) and upon recommendation by the
Great Barrier Reef Water Science Taskforce (2016), enforcement was
reinstated and regulations were enhanced (EEnvironmental Protection
(Great Barrier Reef Protection Measures) and Other Legislation
Amendment Act, 2019 [QId]).

These have again been highly contested despite extensive industry
consultation (Hamman and Deane, 2018; Parliament of Australia,
2020). The Queensland Government is currently investing approxi-
mately 4% of practice change funding in GBR-specific regulation and
compliance activities (Table 1). Despite calls from scientists (Brodie and
Pearson, 2016; Gardner and Waschka, 2012; Kroon et al., 2016), the
Australian Government has not exercised its capacity to use regulatory
instruments to encourage adoption of improved water quality practices
in the GBR.

The current regulatory approach targets commercial cropping and
grazing practices across the GBR catchment by way of Chapter 4A of the
Environmental Protection Act, 1994 (Qld). The regulatory provisions
have many components of what may be described as a “command-and-
control” approach (Nelson, 2010). Under this model, the Queensland
Government is the dominant regulatory actor and criminal sanctions are
to be imposed in the event of non-compliance, but implemented ac-
cording to staged enforcement guidelines (State of Queensland, 2019b).
The rules in Chapter 4A provide that landholders must adhere to certain
minimum agricultural standards. There are prescribed methodologies,
in the case of sugarcane and banana farming, for the amount of nitrogen
and phosphorous that can be applied to a crop. A farm budget must be
developed, and farmers should also make and keep records relating to
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farm management. Examples of the regulatory requirements for sugar-
cane cultivation (State of Queensland, 2019a) are shown in Table 5,
below.

Despite the main focus of Chapter 4A being a command-and-control
style-model (Nelson, 2010), there are also provisions that reflect self-
regulatory or co-regulatory aspects (Davis, 2019; Sinclair, 1997), for
example, by allowing farmers to complete a recognised accreditation
program such as the industry BMP program (see section 82; Part 5A
Environmental Protection Act, 1994 (Qld)) in order to comply with the
rules. Accredited standards allow for farmer flexibility in achieving
water quality outcomes and are akin to less intrusive forms of regula-
tion, such as management-based regulation (Coglianese and Lazer,
2003) or enforced-self-regulation (Braithwaite, 1982). These softer
forms of regulation allow landholders flexibility in how they meet reg-
ulations, and thereby aim to improve engagement and compliance
(Coglianese and Lazer, 2003, p. 1). For the prescribed sugarcane con-
ditions listed above, a farmer may, on occasion, choose their own
measure to demonstrate compliance with the standard conditions (State
of Queensland, 2019a).

5.4. Procedural instruments

In its broad interpretation, governance (or metagovernance) refers to
the design and implementation of all policy instruments employed by
the government (Rhodes, 2012). Governance is also used to describe a
specific mode of governing, that is also known as network governance or
collaborative governance (Colebatch, 2014). In this usage, governance
refers not to the substantive policy instruments (regulation, incentives,
information) but to procedural instruments that influence the behaviour
of the network of actors (organisations and individuals) that interact
around a policy issue (Klijn and Koppenjan, 2007). This is how the term
governance is used in this context — the use of procedural instruments by
governments to facilitate productive relations with the network of GBR water
quality stakeholders.

Bilateral coordination between Queensland and Australian Govern-
ments is an important component of GBR governance, and both gov-
ernments employ a variety of procedural instruments to facilitate

Table 5
Examples of regulated agricultural practices in the GBR (State of Queensland,
2019a).

Condition
number

Farming Activity Regulatory Requirement

Broadcast applicationof ~ SC1
fertiliser.

Ground-based broadcast application of
fertiliser containing nitrogen must not
occur on the agricultural property.
Erosion and sediment control measures
to minimise soil loss and surface water
run-off must be implemented and
maintained on the agricultural
property.

Soil testing and analysis must be carried
out within the 12 months prior to
fertiliser being applied to: a) a new plant
cane crop; or b) a new cane crop cycle if
no fertiliser is applied to the plant crop,
in accordance with the administering
authority’s latest version of ‘Prescribed
Methodology for Sugarcane Cultivation’
The application rate of fertiliser applied
to the agricultural property must not
exceed the whole of farm nitrogen
amount or the whole of farm
phosphorus amount in the Farm
Nitrogen and Phosphorus Budget.

The person carrying out the agricultural
activity must keep all relevant primary
documents related to the agricultural
ERA records.

Erosion and sediment SC3
control.

Nitrogen and SC6
phosphorus fertiliser
application.

Farm Nitrogen and SC18
Phosphorus Budget

Record Keeping SC24
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stakeholder engagement and participation in water quality programs. It
is important to note that water quality is one of several large and
complex issues within the broader policy suite of GBR governance,
which has been described as polycentric due to the large number of
actors, nodes of authority, management and decision-making (Morrison,
2017a; Morrison, 2017b). Table 6 provides examples of procedural
governance instruments used in the GBR, arranged in terms of their
primary policy functions (knowledge sharing, policy design, imple-
mentation, monitoring, and reporting).

GBR programs have always relied heavily on external delivery agents
for program implementation. The development of regional water quality
improvement plans engaged regional NRM organisations and industry
partners, and ultimately led to a major delivery partnership, the Reef
Alliance (Eberhard et al., 2017). Stakeholder engagement has varied
over time with successive governments, and the increasing use of
competitive funding arrangements has impacted stakeholder networks
(Vella et al., 2017; Vella et al., 2015). Peak agricultural industry bodies
receive substantial financial support for industry BMP programs ($20
million AUD in the current 2017-2022 program) (State of Queensland
and Commonwealth of Australia, 2018b), but have strongly advocated
against reef regulations and reef science more generally (Smee, 2019a,
2019c¢, 2019d). The peak grazing industry group, Agforce, deleted over
10 years’ of farmers practice data (Kennedy, 2019; Smee, 2019b) on the
basis of perceived risks of graziers’ data being used for compliance, an
act which ultimately led to the collapse of the Grazing BMP partnership
and program.

The other major investment in collaborative arrangements in the
GBR are regional report card partnerships, which engage regional
stakeholders in the delivery of annual water quality report cards.
Queensland and Australian Governments currently invest $11 million
(AUD) in regional report cards over 2017-2022 (State of Queensland and
Commonwealth of Australia, 2018b), and other partners also contribute
cash and in-kind resources.

6. Prioritising effort to achieve outcomes

The source and impact of water quality pollutants varies across the
GBR. Sugarcane (400,000 ha) is the dominant source of dissolved
inorganic nitrogen and pesticides, while rangeland grazing (3.1 M ha)

Table 6

Procedural governance instruments used in the GBR (Commonwealth of
Australia, 2021; Great Barrier Reef Foundation, 2021; State of Queensland,
2018; State of Queensland and Commonwealth of Australia, 2018b).

Primary policy function Procedural instrument used in the GBR

Sharing or promoting science
and knowledge

Independent science panel

Technical working groups (e.g., human
dimensions, pesticides, sediment etc.)
Periodic (5-yearly) scientific consensus
statements

Annual Reef Synthesis workshops

Reef 2050 Communication Network

Regular webinars

GBR Water Quality Taskforce

Reef 2050 Advisory Committee (stakeholders)
GBR and regional water quality improvement
plans

Formal public consultation (plans, regulations)
Commissioning delivery of projects including:

Policy design

Policy implementation

e Co-design of projects

o Facilitating/incentivising collaborative
projects

e Funding a diversity of service providers

e Co-delivery of some programs

Collaborative/commissioned monitoring

activities (joint investigations)

GBR report card

Regional report card partnerships

Monitoring and evaluation
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contributes the most sediment (Waterhouse et al., 2017). Targets for
improved water quality in the GBR are set based on the five lines of
evidence, including marine monitoring programs, paddock and catch-
ment modelling, catchment water quality monitoring and reported
adoption of management practices (Carroll et al., 2012; Waters et al.,
2014). A series of water quality frameworks that describe the relative
water quality benefits of different practices have been developed for the
major agricultural industries of the GBR (see, for e.g., Australia
Department of Environment & Queensland Department of Environment
and Science, 2013a; Australia Department of Environment & Queens-
land Department of Environment and Science, 2013b). Targets are
revised periodically, and progress is reported in annual report cards
(State of Queensland and Commonwealth of Australia, 2020a, 2020b).
More sophisticated approaches to understanding the cost-effectiveness
of different investments, including adoption rates, time lags to water
quality benefits, costs, and risks are emerging (Rolfe et al., 2018c; Star
et al., 2018).

7. Evidence of outcomes — progress towards targets

The bilateral Reef Water Quality Improvement Plan seeks the
outcome that “good water quality sustains the outstanding universal
value of the Great Barrier Reef, builds resilience, improves ecosystem
health, and benefits communities” (State of Queensland and Common-
wealth of Australia, 2018a, p. 15). The plan also commits to a series of
water quality and land management targets (Table 7) developed to meet
water quality objectives for the downstream marine environment
(Brodie et al., 2017).

Progress against targets has been tracked since 2008-09, and practice
benchmarks have been reviewed and updated (most recently in 2016)
(State of Queensland and Commonwealth of Australia, 2020a). Water
quality programs (including compliance, agricultural extension and
grants programs) record the spatial adoption of practices, and aggre-
gated results are reported (with modelled water quality benefits)
annually (State of Queensland and Commonwealth of Australia, 2020a).
The most recent report card was released in August 2020 and reported
on progress up to June 2019 (State of Queensland and Commonwealth
of Australia, 2020b). Progress against targets for key water quality and
management practice metrics show slow progress, clearly insufficient to
meet 2025 targets (Table 8).

Confidence in the reported management practice adoption figures is
“moderate” (State of Queensland and Commonwealth of Australia,
2020a). There is no mechanism to capture “background” practice
change, that is, adoption that occurs outside of reef programs (thus,

Table 7
Reef Water Quality Improvement Plan targets (source: State of Queensland and
Commonwealth of Australia, 2018a, p. 15).

Category 2025 targets

Water quality 60% reduction in anthropogenic end-of-catchment
dissolved inorganic nitrogen loads

25% reduction in anthropogenic end-of-catchment
fine sediment loads

20% reduction in anthropogenic end-of-catchment
particulate nutrient loads

Pesticide target: To protect at least 99% of aquatic
species at the end-of-catchments

90% of land in priority areas under grazing,
horticulture, bananas, sugarcane and other broad-
acre cropping are managed using best management
practice systems for water quality outcomes (soil,
nutrient, and pesticides)

The management of urban, industrial, and public land
uses for water quality shows an improving trend
The extent of riparian vegetation is increased

No loss of the extent of natural wetlands

90% of grazing lands will have greater than 70%
ground cover in the late dry season

Land and catchment
management targets
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Table 8
Summary of 2019 progress against targets (State of Queensland and Common-
wealth of Australia, 2020b).

Category Parameter Target 2019 Overall Grade
progress progress
Dissolved A
issowe 60% 4.3% 25.5% )
inorganic . . . very
. . reduction  reduction  reduction .
Water quality nitrogen good
0, 0, 0, <
Sediment 25% . 0.2% . 14.6 A). E ve;ry
reduction reduction reduction poor
Grazing 90% 0.4% 36.2% D
Management practices adoption reduction adoption “poor”
practices Sugarcane 90% 2.9% 12.7% E “very
practices adoption reduction adoption poor”

adoption may be under-reported), while at the same time, overly opti-
mistic reporting by project managers and the potential for dis-adoption
suggests that adoption may be over-reported (State of Queensland and
Commonwealth of Australia, 2020a). Without knowing the background
level of change, it is very difficult to assess the additionality of the
changes recorded; that is, whether adoption would have occurred
without the program or policy instrument (Pannell and Claassen, 2020).
Indeed, adoption itself is a dynamic process involving processes of tri-
alling and partial adoption, as well as adoption and dis-adoption (de Oca
Munguia et al., 2021). Farmers may interact with multiple programs and
providers, making attribution of adoption decisions to any single in-
strument problematic. Thus, despite the sophisticated system of tracking
and accounting for program outcomes, actual estimates of adoption
remain somewhat uncertain and attribution to individual policy in-
struments and additionality hard to demonstrate.

8. Evidence of effectiveness — GBR instruments

Acknowledging that overall progress towards targets for the adop-
tion of practices is less than what is required to achieve water quality
outcomes for the marine environment, we examined evidence of the
effectiveness of individual instruments in contributing to the desired
change. We considered the academic literature first, and then pro-
grammatic grey literature (program reports and evaluations) to find
evidence of effectiveness (noting that evaluation reports are often not
publicly available).

Most government-funded extension projects are required to evaluate
and report their achievements and usually rely on measures such as
delivery of services, farmer participation, satisfaction, and general
feedback (although measures are not necessarily consistent between
projects) (Roberts et al., 2020). For example, Grazing BMP reported
meeting and surpassing targets for producer participation; increased
knowledge, skills, and awareness; intention to change; and actual
change in management practices (Willis et al., 2017). While most
participating producers (76%) self-reported doing something differently
as a result of engaging in this program, there is limited information
about the specific type and scope of practice change, and low levels of
uptake of independent accreditation (Brown, 2017; Willis et al., 2017).
Similarly, there is weak evidence of practice change from extension ef-
forts in sugarcane “the success of any extension program is measured in
its lasting effectiveness and as such cannot be fully measured at this
point in time” (Royle and Di Bella, 2017, p. 192). Projects generally
target growers (either based on water quality hot spots and/or willing-
ness to engage) (Hepburn and Nash, 2019; Royle and Di Bella, 2017).
Approaches include one-on-one, peer-to-peer, collaborative monitoring,
smart phone decision systems (Davis, 2019; Rouse and Davenport, 2017;
Thorburn et al., 2019), and coordination of extension networks (Coutts
etal., 2017a; Coutts et al., 2017b); however, evidence that demonstrates
their contribution to adoption outcomes remains elusive.

Despite the body of literature studying the economics of changing
land management practices within the GBR region, evidence specifically
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relating to the effectiveness of financial instruments in the GBR and
elsewhere (see Olmstead, 2010) is limited. Existing literature either
evaluates effectiveness using modelling or theoretical analysis (e.g. Star
etal., 2019), relates to the cost of achieving behaviour change/pollution
abatement without focusing on the specific instrument that would be
used to finance that cost (e.g. Rolfe and Harvey, 2017; Star et al., 2013;
Wilkinson et al., 2019), or the cost effectiveness of instrument design
(within instrument) (e.g. Rolfe and Windle, 2011a). Within the litera-
ture focussed on specific finanical instruments, very few reports focus on
the effectiveness of actually changing landholder behaviours and
achieving additionality (change from what would have occurred in the
absence of the incentive) (e.g. Greiner, 2015). Furthermore, due to the
nature of the financial instruments implemented within the GBR region,
the literature has a strong focus on grants and subsidies, with only the
theoretical/modelling literature focusing on other instruments.

Indicators of effectiveness include uptake levels, whether the pro-
gram achieves additionality, whether effects persist beyond the project,
and whether crowding in or crowding out effects (where people's
intrinsic motivations to adopt are either reinforced or undermined)
occur. Whitten and Langston (2020) evaluated the results of the Reef
Trust reverse tenders for nitrogen reduction that contracted 5% of cane
farmers and achieved a 14% reduction in fertiliser use in those areas.
Whitten and Langston’s (2020) findings support previous findings of the
cost effectiveness of competitive tenders when compared with regula-
tory approaches or the use of flat rate grants to achieve water quality
improvements (see Rolfe and Windle, 2011b). Evaluations of cost-
effectiveness clearly demonstrate that heterogeneity of farms and
farmers drives large differences in costs and water quality benefits (Rolfe
and Windle, 2011a, 2016; Rolfe et al., 2018a; van Grieken et al., 2019;
Wilkinson et al., 2019). Alarmingly, Rolfe et al. (2018b) revealed that a
large proportion (~25%) of on-farm projects funded in 2008-2013 failed
to generate any significant pollutant reduction. In contrast, (van Grieken
et al., 2014) found that the same scheme was effective in bringing for-
ward the implementation of improved practices, but the requirement for
matching up-front capital costs was a constraint. Greiner (2015) found
the 2008 Lower Burdekin Water Quality Tender to be both effective and
efficient due to having achieved additionality, persistence, and gener-
ated crowding in effects (where people's intrinsic motivations to adopt
are reinforced by the program), although some shortcomings in the
scheme's administration were also identified.

Credit trading schemes such as offsets, cap and trade, and general
credit trading are either not currently applied in GBR catchments or not
sufficiently advanced for evaluation. In other areas, including New
Zealand, U.S.A., and Canada credit schemes have proven effective at
reducing nutrient runoff from farms (Doole, 2012; Rosas et al., 2015;
Spicer et al., 2021), while Smart et al. (2016) demonstrated that there is
sufficient variability in gross margins to drive an active nitrogen credit
trading market in the Tully catchment of the GBR.

Regulation is widely seen as a critical component of the broader
policy mix required to combat water quality decline (see Brodie and
Waterhouse, 2012; Coggan et al., 2021; Dale et al., 2017; Great Barrier
Reef Water Science Taskforce, 2016; Gunningham and Sinclair, 2004;
Gunningham and Sinclair, 2005; Tan and Humphries, 2018; Taylor and
Eberhard, 2020; van Grieken et al., 2013). Regulation is most often seen
as a measure of last resort (the regulatory “gorilla in the closet” (Rees,
1997, p. 519). Whilst studies have been published on the impact of
environmental law and regulation on farming communities across
Australia (see e.g. Bartel and Barclay, 2011), including self-regulation in
the Australian cotton industry (Farquharson et al., 2008; Gunningham,
2004), there are no published comprehensive empirical accounts on how
Queensland farmers respond or are likely to respond to regulatory
oversight of water quality measures in the GBR context.

The introduction of regulation of agricultural practices within the
GBR catchments has been met with resistance from the agricultural
sector (see Deane et al., 2018; Eberhard, 2018; Gardner and Waschka,
2012; Hamman and Deane, 2018; Waschka and Gardner, 2016). Despite
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this, public reporting of compliance data shows that staged compliance
activities has been effective at raising awareness of regulatory obliga-
tions and driving compliance with prescribed activities. Levels of
compliance vary significantly between catchments, with areas of high
BMP participation also showing high levels of compliance (noting that
BMP accreditation is deemed to be compliant). At first visit, only 9% of
692 sugarcane farmers inspected in 2016-2020 were compliant, and
55% were non-compliant (the balance were mostly enrolled in a practice
change program or were BMP-accredited) (State of Queensland, 2020).
At follow up visits (with those deemed non-compliant at first visit), only
25% remained non-compliant (the rest had either complied or enrolled
in a practice change program) (State of Queensland, 2020). These results
relate to the 2009 regulations, which were strengthened in 2019 (results
of compliance for the 2019 regulations are not yet available). Regulation
of pesticides in Australia (separate to the direct regulation of farming
practices for water quality) has also been critiqued as deficient “ad-hoc,
case by case and very slow” (King et al., 2013, p. 54).

Procedural governance instruments influence the delivery of the
substantive instruments, which makes their contribution to adoption
outcomes difficult to assess. However, there is some evidence that
governance approaches in the GBR have contributed to the quality and
acceptance of policy outputs and implementation capacity. A longitu-
dinal study of GBR governance found that stakeholders had brought
additional knowledge to the policy design process, including an under-
standing of policy issues, potential impacts on stakeholder interests, and
local knowledge that enabled policy be tailored to local conditions
(landscapes, farming systems, communities) (Eberhard, 2018; Vella and
Baresi, 2017). While the degree of collaboration between policymakers
and stakeholders has varied over time, a variety of forums have worked
to improve the credibility and legitimacy of knowledge used for policy
decisions. For example, community engagement in water quality plan-
ning in the GBR has contributed to building trust, as well as contributing
to local knowledge and growing commitment (Bohnet, 2014; Hill et al.,
2015), although the role of local knowledge in science-based planning
and implementation is ambiguous, and local engagement requires
careful facilitation by trusted agents (Kroon et al., 2009; Taylor and van
Grieken, 2015).

Agricultural industry bodies and regional natural resource manage-
ment groups have provided significant delivery capacity for over a
decade (Eberhard et al., 2017) and have also been adept at collectively
influencing policy design decisions (Eberhard, 2018; Robinson et al.,
2010). However, changes to government funding models and periodic
adjustments of investment priorities can undermine collaboration,
reducing “front line:” delivery capacity (Campbell, 2016; Tennent and
Lockie, 2013).

In recent years, industry resistance to water quality regulation and
reef science and policy has generally been acute (see, for example Smee,
2019a; Smee, 2019b) although peak agricultural industry bodies
continue to play significant implementation roles, particularly through
BMP programs. Participation in reef policy programs can be seen as both
a risk and an opportunity for these organisations representing farmers
(Taylor et al., 2010). The legitimacy of these organisations in repre-
senting their members’ interests can be challenged (Taylor and Law-
rence, 2012) as they grapple with determining their advocacy roles in
relation to environmentally friendly farming practices.

9. Discussion

Policy instruments to encourage adoption of more sustainable
farming practices in the GBR have evolved and diversified over the last
20 years. It is clear that water quality targets will not be achieved, and
there is little evidence available to assess the effectiveness of the current
suite of instruments. Although a diversity of extension services and
providers are funded, evaluation has been project-based and reliant on
weak descriptive measures such as participation and satisfaction (Rob-
erts et al., 2020). Financial instruments have mostly been grants or
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subsidies, and while these funds have been disbursed, it is difficult to
determine whether additionality has been achieved. Cost-effectiveness
studies show that heterogeneity of landholders and enterprises (as
well as practices) means that costs to achieve water quality outcomes are
highly variable, and this argues for the greater use of market-based in-
struments. Several new financial instruments (credits, offsets) are
emerging; however, no performance data are available yet. Regulation
has been highly contested, and public media campaigns by peak agri-
cultural industry groups appear to be impacting on participation in
voluntary programs. Nevertheless, early compliance results indicate that
regulations are driving change, albeit at the lower end of the practice
spectrum.

Improving the evidence of the effectiveness of policy instruments is
highly desirable, but not without its challenges. Adoption of new
farming practices is a dynamic and evolving process (de Oca Munguia
et al., 2021). Evaluating types of policy instruments and their in-
teractions is complicated in the GBR because instruments are often hy-
brids of policy types, numerous, and interdependent, which means that
farmers can engage with multiple instruments, services, and providers.
While practice change adoption is measured in the GBR, outcomes
cannot be readily attributed back to specific instruments or programs.
Implementation of policy instruments is also targeted at water quality
hot spots or willing farmers rather than at the broad scale. An instrument
that effectively encourages adoption of a practice for one cohort of
farmers may not generate the same behavioural response for other
practices and/or other farmer cohorts. Rather than seeking to determine
the effectiveness of specific instruments, we argue that there is a need to
better understand the fit between the mix of instruments and target
audiences. In other words, between instruments, the diversity of land-
holders, and desirable practices. In classic realist framing, this is “what
works for who, and why”.

Policy toolkits describe a mixture of instruments applied with care in
specific social contexts and at different levels to incentivise and dis-
incentivise behaviour towards achieving water quality and environ-
mental benefits (Osborn and Datta, 2006; Taylor et al., 2010; Vella and
Dale, 2014). Overall, we found that while the water quality programs in
the GBR have some elements of a policy toolkit approach, policy has
been dominated by a few instruments, namely, extension and grant
programs. Within these classes of instrument, the diversity of service
providers has increased over time and some new sub-types of in-
struments are under development or modifications to existing in-
struments recently made (e.g., reef credits, enhanced regulations).
Without robust measures of policy instrument effectiveness, it is unclear
how GBR policy makers can refine and improve the policy instrument
mix.

Individuals will respond to policy instruments differently, and single
instruments are likely to influence only a part of the target population
(Weber et al., 2014). Factors that drive the fit between policy in-
struments and audiences include the characteristics of landholders (such
as values, risk tolerance, financial position), the clarity of action
required (such as the observability of targets, the ease and cost of
implementing actions), and the extent to which implementation is
supported (such as local capacity, and socialisation). Understanding the
influence of these characteristics in mediating instrument effectiveness
in the GBR is a significant gap. Evidence from the GBR is also relatively
silent on whether policy instruments have facilitated additional behav-
iour change that would not have occurred anyway, whether they have
reinforced or undermined intrinsic motivations (crowding in or crowd-
ing out effects), and whether they have generated positive or negative
spill over effects, such as changes in behaviours beyond the site of the
initial action.

A stronger understanding of the assumed and operationalised
mechanisms of behaviour change of each instrument would enable the
assessment of perceived versus expected performance (Weber et al.,
2014). For example, agricultural extension broadly seeks to achieve
behaviour change through sharing information and persuasive
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argument (Pannell and Zilberman, 2020). Different models of extension
emphasise different relationship configurations between extension
agents and farmers, and how these influence knowledge transfer (Black,
2000). Financial incentives are an intended substitute for missing
monetary signals for public goods and services, using either reward or
compensation (beneficiary pays) or penalties (polluter pays) to change
the financial proposition of adopting a practice. Regulation can drive
compliance on the basis of economic rationalism (Scholz, 1984). How-
ever, others argue that deterrence offers only a partial explanation, and a
more complex suite of tangible and intangible motivations is involved
(May, 2004; Parker and Nielsen, 2017; Sutinen and Kuperan, 1999). Like
the other instruments, a range of regulatory models emphasise different
assumptions about compliance behaviours.

Several authors have called for stronger regulation of land use and
land management practices in the GBR (see for e.g., Brodie et al., 2019;
Kroon et al., 2016; Shellberg, 2021). Earlier, we described the resistance
of peak agricultural industry bodies to the current regulations, reef
science in general, and the sharing of data about current farming prac-
tices. This suggests a real risk of regulatory capture, where political
lobbying by interest groups can water down regulatory standards
(Deane et al., 2018). Nonetheless, the social and cultural dimensions of
behaviour change remain key determinants of adoption decisions in
response to coercive or voluntary instruments. Hamman and Deane et al.
(2018) agreed with Plckering et al. (2017, p. 9) that “although guide-
lines, targets and regulations can be effective augmentations to a
behaviour change strategy, they are rarely fully effective in their own
right” (p. 9).

Policy mixes are required to deal with heterogenous target audi-
ences, different forms of market failure, complex behavioural responses,
and political imperatives (Bouma et al., 2019). However, each addi-
tional instrument has associated costs as well as benefits. Interactions
between policy instruments overlap in time and space. Variations in
community and regional contexts, delivery networks, and implementa-
tion reinforce the challenge of unpacking the impact of policy mixes.

Capano (2020) and others (see Busetti and Capano, 2020; Howlett,
2020b; Olejniczak et al., 2020) have advocated for a mechanistic
approach to understanding the series of cause-effect processes that link
policy mix design, implementation, heterogenous contexts and behav-
ioural response outcomes. Howlett (2020b) called for a more sophisti-
cated “compliance regime” that reflects a deep understanding of the
diversity of target audience attitudes and behaviours and likely re-
sponses to policy instruments. Adding additional instruments has asso-
ciated costs, while unpacking policy objectives and instruments offers
the benefit of better understanding the potential benefits of instrument
mixes (Bouma et al., 2019).

Returning to the evidence from the GBR, evaluating the effectiveness
of individual policy instruments or a mix of policy instruments is clearly
a significant challenge shared with similar agri-environmental policies
elsewhere. Our analysis illustrates the limited evidence available to
judge, manage, and adapt Reef programs. The multi-disciplinary
approach to the review revealed the distinct and often separate theo-
retical stances or assumptions between studies from different disci-
plines, and the potential to enhance the understanding of policy efficacy
through greater multi-disciplinary collaboration. The integration of in-
sights highlighted the need to link behavioural science models of
adoption in a mechanistic way to the logics that exist within the different
instruments that themselves derive from different disciplinary founda-
tions. However, linking these behavioural and instrument-based logics is
difficult, given the high levels of heterogeneity among farmers, farm
enterprises, and contexts across the Reef. Thus, we concur with Howlett
(2020b) that better policy design requires a better understanding of the
target audiences, and advocate for the value of a multi-disciplinary
approach that combines expertise across legal, psychological, social,
economic, and governance domains.

Multi-disciplinary approaches offer their own challenges in inte-
grating terminologies, knowledge, and insights. Modelling tools have
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been developed with the aim of quantifying the impact of changes in
scenarios with complex interactions and have a proven track record in
the context of environmental policy evaluation (Ames et al., 2005;
Barton et al., 2008; Simmons et al., 2018). Suitable modelling ap-
proaches for policy instrument analysis would need to clearly demon-
strate the relationships between components, accommodate expert data,
provide some measure of uncertainty (Milner-Gulland and Shea, 2017),
and ideally, facilitate a participatory approach that allows for stake-
holder review and contributions (Benham and Daniell, 2016).

Multiple modelling approaches are useful for situations with com-
plex conceptual interactions, including Bayesian networks (Kiss et al.,
2020; Liu et al., 2017; Shenton et al., 2010), fuzzy cognitive models
(Baker et al., 2018; Game et al., 2018), and systems dynamics (Baker
et al., 2017; Raymond et al., 2011). These approaches are based on
conceptual models that can graphically represent relationships between
system components. Both the structure of the model (representing the
direction of the interactions between the various factors) and the
strength of the interactions can be derived from analysis of empirical
data or expert elicitation. Network models are particularly useful for
understanding how different assumptions about a system affect the
impact of various policy approaches. We therefore propose a network
modelling approach to explore the effects of policy instruments on
diverse farmer cohorts in the GBR, allowing the integration of disci-
plinary and stakeholder expertise and data (where available). Such an
approach would build on the conceptual framework presented earlier
(Fig. 2) and unpack the pathways of impact through which policy in-
struments influence the adoption of management practices in diverse
contexts (difference landholder cohorts and different land management
practices). Elements of existing models that partially address the policy
instrument question (such as INFFER (Pannell et al., 2009) or ADOPT
(Kuehne et al., 2017)) could be incorporated into a network modelling
approach. The capacity to explore scenarios would provide an oppor-
tunity to test a model against historical evidence and anticipate the
potential benefits and risks of future scenarios. Such an approach could
reconcile and synthesise diverse sources of evidence and facilitate the
identification of critical knowledge gaps and assumptions that need to
be addressed to enable policy instruments to be adjusted for greater
impact.

10. Conclusion

Governments in Australia and internationally are investing in policy
instruments to facilitate the adoption of more sustainable farming
practices for productivity and conservation benefits. Policy toolkits have
long been advocated, and policies typically progress over time from
voluntary instruments to financial incentives and more authoritative
instruments such as regulation. Australia's GBR is a case study in sus-
tained investment in an evolving mix of policy instruments. Despite this,
progress towards behaviour change targets remains slower than hoped.

Our critical realist evaluation of policy instruments in the GBR used a
critical multi-disciplinary literature review and analysis of different
types of instruments and the evidence of their effectiveness. Though
water quality programs in the GBR have primarily relied on extension
and grants, there has been some diversification in recent years. We
found that the effectiveness of the mix of policy instruments is difficult
to evaluate. This is due in part to the absence of a clear articulation of
how instruments expect to influence farmer decision-making, and also to
limited evidence linking policy instruments to behaviour change. This
inability to assess the effectiveness of GBR policies is contributing to the
slow progress in addressing water quality, despite the continuing and
increasing efforts of policy activity by governments over the last 20
years.

We conclude that there are substantial gaps in understanding of
policy mechanisms and frameworks to measure policy impacts at a level
that can inform the design and implementation of a more effective
policy toolkit. To accelerate progress in the GBR, we recommend that
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governments improve the evidence base for the evaluation of policy
instruments and their impact on farmer behaviour so that efficacy can be
assessed and enhanced. This must entail deeper understanding about
how different policy instruments are expected to influence adoption
decisions about a variety of practices by diverse farming cohorts. Rec-
ognising the evidentiary constraints, we propose a modelling approach
tied to an enhanced monitoring program to build on the existing evi-
dence and further interrogate the mechanisms through which policy
instruments are expected to influence behaviour, integrating multi-
disciplinary and stakeholder knowledge to explore and test policy
scenarios.
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