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EXECUTIVE SUMMARY 
Novel approaches are increasingly being used to fund restoration of
degraded catchments across Australia and internationally. Nutrient
offsetting is one such mechanism where buyers, typically point source
polluters such as the wastewater industry, i.e., utilities, pay sellers for
restoration works in the rural and urban landscapes to reduce nutrients as
a way of offsetting nutrient discharge from community wastewater
treatment plants. 

The water industry can use nutrient offsetting as a tool to meet regulatory requirements for
nutrient discharge, especially as regulations become more stringent, treatment technology
limits are reached or output from plants increase with correlated population demand. It may
also be used along with upgrades to treatment processes, and/or on-site nutrient mitigation
strategies. Interviews with a range of people involved in nutrient offsetting, either within the
water industry or in state government agencies throughout Australia, have identified a range
of projects in various stages of development. 

State government policies (in some states) and agreements provide a mechanism for approval
of offsetting projects, and there are several examples of success where modelled nutrient
offsetting loads from catchment restoration have equaled or exceeded nutrient loads from
wastewater treatment plants. However, this success has been achieved in a piecemeal way,
project by project, resulting in considerable long-term overheads for the water industry to set
up and administer the project, for which costs are, in turn, borne by customers. There have
been many benefits from offsetting projects, not just to the water industry and its customers,
but also for improved water quality and ecosystem health, landholders, local communities,
catchment management groups and consultants. However, these benefits are typically not
quantified. Additionally, there are environmental co-benefits, such as carbon capture and
flood mitigation from tree planting, a reduction in erosion and hence sediment and land loss
to waterways, and biodiversity benefits in the riparian and aquatic environments.

Whilst the interviews and literature review suggest that nutrient offsetting has provided
many benefits, it is also clear that there is considerable scope for improvement in the scheme,
on many levels. Key challenges identified by interviewees were significant costs in
coordinating projects, lack of good quality data on return on investment (ROI), time taken to
realise benefits, and risks of not meeting government compliance requirements (at a state
level). Additionally, with respect to the involvement of government regulators, it was clear
that the water industry felt that regulators were not sharing the risk in terms of approving
schemes. There was a lack of coordination and consistency in policy, and lack of information
on government targets for the environment more broadly, e.g., sustainable loads for
waterways. Conversely, regulators within state government felt constrained by the regulatory
role that they need to play, which prevents risk sharing.
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Figure 1. Three nutrient offset strategies/frameworks involving non-point source offsetting that can be adopted
with different aims and risks. Solid arrows indicate direct interaction between two components in the diagram.
Dashed arrows indicate indirect interaction (or facilitation) between the two components. 

 

A review of the international literature identified examples of regionally coordinated schemes
which serve as exemplars for a more coordinated and efficient mechanism for linking
investment by utilities with targeted outcomes from catchment restoration. This approach
reduces the overhead costs and risks for wastewater industry to engage in nutrient offsetting
for overall improvements in catchment water quality. Possible models of types of nutrient
offsetting projects and schemes, focused on those involving catchment restoration are shown
below (Figure 1):
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Type 1 is typical of the approach currently taken in Australia by water utilities, i.e., one-
off, solo-source offsetting project. However, this approach results in a complex and
time-consuming process for water utilities, and typically focused on localised areas. 

Type 2 is a third party negotiated nutrient credit trading that has been adopted in
international examples, such as Chesapeake Bay, Virginia. In this case, there are multiple
buyers and sellers within the program, with a credit reserve bank to account for project
failure. The benefit of this approach for water utilities is that it is simpler to set up and
manage, with more flexibility in site selection for offsetting works. The environmental
benefits may also be broader but can also have local outcomes. 

Type 3 is the market based nutrient credit trading scheme. This scheme also has
multiple buyers and sellers, with a broker or a credit bank facilitating credit trading. An
example of this is the Nutrient Credit Trading Scheme in Pennsylvania, targeting
Chesapeake Bay. This is a more sophisticated scheme which can deliver broader scale
environmental benefits but requires leadership and coordination. 

The need to improve calibration/validation data for models used to determine nutrient
load reduction from catchment mitigation.
More robust methods to improve comparability of point and non-point nutrient sources,
including equivalency and delivery ratios.
Improved data to determine the assimilative capacity/sustainable loads of receiving water
environments.
More robust science concerning the efficacy of different catchment mitigation options.
Methods for incorporating co-benefits, including biodiversity, carbon, and sediment, into
nutrient offsetting programs.
Analysis of the costs versus benefits of nutrient offsetting over the long term, including
co-benefits.

Based on interviews with water utilities across Australia, it is clear that the Type 1 model,
which is the norm, has a number of deficiencies. Therefore, progress towards a Type 2 model
is likely to create considerable benefits for the water industry, most notably greater efficiency
and less transactional costs for utilities. There is also demonstrated success as measured by
reduced nutrient loads to waterways with the Type 2 model internationally. However, it
requires leadership from the water industry to champion this approach and a willingness of
various levels of government to engage.

Another component of this study was to identify scientific knowledge gaps, both nationally
and internationally, which are currently increasing the uncertainty and risk around water
industry engagement in nutrient offsetting. This includes:

The recommendations outlined below are designed to establish a nutrient trading regime that
promotes collaboration, efficiency, and environmental sustainability, addressing both short-
and long-term objectives. Drawing on valuable insights from utilities and government
stakeholders, as well as best practices derived from successful international nutrient
offsetting programs, these recommendations emphasize a coordinated approach, expert
engagement, and a commitment to research and development. We believe that implementing
these recommendations will lead to the creation of an effective nutrient trading framework,
ultimately benefiting the water industry, the environment, and all relevant stakeholders:

1

2

3
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Create a Maturity Framework: Develop a maturity framework for nutrient offsetting
that scales from local to regional levels, focusing on cost-effectiveness and minimal
bureaucracy. This framework should establish clear objectives and provide guidance
for all stakeholders involved in nutrient trading.

Foster Knowledge Sharing: Invite national and international experts experienced in
nutrient trading to give presentations to the water industry and government
stakeholders. This will encourage knowledge sharing, collaboration, and the
development of best practices for nutrient offsetting.

Establish an Industry Task Force: Consider creating a dedicated task force within the
water industry to advise on strategies and inform advocacy for an improved nutrient
trading scheme at the state and/or federal government level. This group should
consist of experts from various sectors, ensuring diverse perspectives and well-
informed recommendations.

Effective Monitoring and Evaluation: Implement a well-defined monitoring and
evaluation system that assesses and ensures the presence of key success factors for
nutrient offsetting programs. This system should focus on securing buy-in from local
government, regulated point-source polluters, and other stakeholders within the
catchment, enabling the continuous tracking of progress and outcomes in the
industry

Standardize Estimation Methodologies: Develop consistent and standardized
estimation methodologies for nonpoint source actions in Australia, drawing from
successful nutrient offsetting programs internationally. This will promote uniformity
and trust in the nutrient trading process.

Support Research Projects: Invest in research projects that address key scientific
knowledge gaps, reduce risk, and increase confidence in nutrient offsetting. This
should include improving data and models, optimizing sites for remediation, and
effectively quantifying co-benefits.

Integrate Green Solutions: Incorporate green solutions into nutrient trading
programs to deliver a range of benefits, such as biodiversity enhancement, sediment
reduction, and carbon capture. This holistic approach will ensure the best possible
outcomes for both the water industry and the environment.

1

2

3

4

5

6

7
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INTRODUCTION– DRIVERS AND
BENEFITS OF NUTRIENT OFFSETTING
The intent of this paper is to outline benefits, hazards for implementation
and management, and a range of governance framework approaches for
catchment nutrient offsets based on existing market mechanism
experiences across Australia and internationally. While nutrients are the
primary focus of this paper, the associated benefits and implications for
sediments will likely be covered to some extent. 

The audience for this paper is water utilities, environmental regulators,
and other stakeholders and policy-makers. It is also desired to present a
compelling case that existing offset regimes are effective and do deliver
beneficial and social environmental outcomes. It will need to tease out
that the regulatory contexts in different states of Australia vary, and the
way in which nutrient offsetting approaches may interact with those
regulatory frameworks. 

There can be overlap between nutrient offset regimes and trading
regimes. The main focus of this paper is frameworks for offsetting. To
acknowledge the relationship between the two, this paper starts with a
definition of offsetting.

Background
Eutrophication, primarily resulting from excessive nutrient inputs, has been an important
environmental issue worldwide, causing environmental impacts, e.g., toxic algal blooms, fish
kills (Diaz and Rosenberg, 2008; Malone and Newton, 2020). A global study on the safe
operating space for humanity identified excessive nitrogen pollution as a major risk, being
outside of a safe operating load (Rockström et al. 2009). Excessive nutrient inputs to
waterways are delivered from point- (e.g., wastewater treatment plants) and non-point
sources (e.g., agricultural sources from degraded catchments). Within Australia, recent
regulations on point-source discharge have demanded net zero discharge of dissolved
inorganic nitrogen from new or upgraded facilities in the Great Barrier Reef catchments
(https://environment.des.qld.gov.au/__data/assets/pdf_file/0019/238132/era-gl-reef-
discharge-standards-industrial-activities.pdf).
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Diffuse catchment discharge of nutrients is not regulated but can also play an important role
in increasing eutrophication in the downstream aquatic ecosystems. Catchment degradation
is a major issue throughout Australia and can be caused by a range of activities, mostly
associated with human-induced land use impacts, such as soil erosion (Kometa, 2019; Renaud
et al., 2021). Catchment degradation can also be exacerbated by severe weather conditions
(Azimi Sardari et al., 2019; Behera et al., 2020; Pruski and Nearing, 2002). 

Nutrient offsetting provides the opportunity for a win-win mechanism to tackle catchment
and aquatic ecosystem degradation. It allows nutrient source dischargers with high
abatement costs on-site to purchase nutrient load reductions from sources off-site that have
lower abatement costs (Selman et al., 2009). For example, to offset the expansion of nutrient
discharge facilities to accommodate a growing human population, utilities can directly invest
in catchment restoration or nutrient-reducing best management practices (BMPs) that
reduce nutrient runoff from catchments. In some regions of the world, utilities can pay a point
source discharge fee to agencies that coordinate non-point source reduction activities.
Therefore, nutrient offsetting offers greater flexibility on the timing, location, cost, and level
of technology needed for nutrient management than a nutrient source polluter might need
by upgrading existing plants or building plants with higher levels of treatment (Hall, 2012). 

For the purposes of this review, nutrient offsetting is defined as a mechanism for buyers to
quantitatively offset their nutrient discharge to waterways by paying sellers to ensure
nutrient remediation works occur offsite. It should be acknowledged that at times a utility can
be both a buyer but play a key and ongoing role as a facilitator for the seller.

Utilities typically have nutrient discharge load licenses issued by Australian state and territory
governments to comply with in order to continue to operate. In contrast, there is no
regulation associated with nutrient offsetting, but rather state governments have a range of
policies to facilitate offsetting. For example, the Queensland Government developed a policy
in 2019 (https://environment.des.qld.gov.au/__data/assets/pdf_file/0033/97845/
 point-source-wq-offsets-policy-2019.pdf). In this policy total nitrogen is used as the
comparison factor for offsetting and the offset ratio between point and non-point sources is
1.5:1. This ratio takes into account a 1:1 equivalency ratio (ecosystem effects of each ton of
total nitrogen from point and non-point sources) and a 1.5:1 delivery ratio (accounting for the
spatial separation of point and non-point sources with non-point sources typically being
upstream of point sources). The policy is set to be reviewed in 2023.

In Victoria, a discussion paper was produced: EPA Publication 2002.3 (June 2008): Discussion
Paper – Environmental Offsets. A ‘safety factor’ of 1.5:1 total nitrogen is used for offsetting
projects (https://waterportal.com.au/swf/images/swf-files/10tr16-001-swf-alluvium-water-
quality-offsets-framework-final.pdf). In 2011, the Victorian water industry and EPA produced
a paper proposing a framework to fill the existing gap between the legislative ability of EPA
to authorise the use offsets and the ability of water corporations to successfully make cases
for the use of environmental offsets during EPA processes (EPA and Victorian Water Industry
2011). During 2014/15 Western Water and the Smart Water Fund engaged Alluvium to
support the further development of a water quality offsets framework
(https://www.waterportal.com.au/swf/images/swf-files/10tr16-001-swf-alluvium-water-
quality-offsets-framework-final.pdf).
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In New South Wales (NSW), the EPA produced a concept paper in 2002 on green offsets for
sustainable development (https://www.environment.nsw.gov.au/resources/greenoffsets
 /greenoffsets.pdf). A key focus for nutrient offsetting has been the greater Sydney region,
including the Hawkesbury/Nepean River system. In 2010, EPA produced a nutrient
management strategy for this river (https://www.environment.nsw.gov.au/-/media/OEH
 /Corporate-Site/Documents/Water/Water-quality/lower-hawkesbury-nepean-river-
nutrient-management-strategy-10225.pdf). There is a regulatory framework with nutrient
load caps in zones throughout the river system. Polluters must undertake works to
demonstrate that nutrient loads do not exceed caps, and nutrient offsetting or trading is a
mechanism for this. These caps vary and unlike Queensland there is no single offsetting ratio.
In some states there can be other policy drivers, such as the need for catchment improvement
programs and need to maintain environmental flow. 

South Australia has no policy trigger, but the environmental protection act has environmental
performance agreements, which are contracts involving polluters such as utilities. 
Across the states, projects are typically reviewed on 5-year timelines. The rationale for this is
that it takes some years for engineering works to bed down, and trees to grow to a sufficient
size to be playing a significant role in bank stabilisation. Additionally, 5 years allows time for
one or more larger rainfall events to occur to test the stability of the restoration area. 
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A total of nine people employed at utilities, three people employed at state
government, three people employed as researchers and people at a range of other
relevant organisations, e.g., Port of Brisbane environmental managers, consultants,
who have been involved in nutrient offsetting were interviewed about their
experiences, including what worked and what didn’t. 

Key findings include that there is no coordinated scheme for nutrient offsetting, either
at the Federal or State level, with projects occurring on an ad hoc basis. Based on the
interviews, offsetting projects that have been implemented were judged to be
successful in terms of being able to achieve the nutrient reduction goal, based on
modelled catchment nutrient load reductions, and in terms of costs relative to hard
infrastructure alternatives. These projects have also driven innovative thinking about
solutions, which is critical to a future green economy.

There was general consensus amongst utilities and government that a coordinated
framework with an independent entity taking a role in coordinating nutrient offsetting
at a regional scale would be beneficial, provided this was done cost-effectively and
with minimal bureaucracy.

Nutrient offsetting is typically considered by utilities when other on-site options for
nutrient treatment, particulatly nutrient loads, are insufficient or unfeasible. This can
include both compliance requirements, and corporate environmental performance
targets. As such there is a sequence of steps typically undertaken by utilities (see
Figure 2 below) commencing with:

This component of the study involved interviews with people involved in nutrient
offsetting across Australia. It involved a range of questions, developed in consultation
with the WSAA steering committee for the project (for details see Appendix 1).

Key findings from interviews

Optimising the water treatment processes, e.g., enhanced control mechanisms.
Then identifying options for on-site treatment, e.g., irrigation with wastewater,
use of constructed wetlands.
If required, catchment mitigation strategies are then examined.
In some international examples, nutrient trading has progressed to a more
coordinated regional approach. 

Figure 2: Pyramid of approaches to nutrient reduction into waterways
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Utilities typically take the risks and outlay the funds for offsetting projects, both to get
projects up and running, and for ongoing maintenance and monitoring costs. State
governments take little of the risk, instead focussing on their regulatory role. Utilities have
raised concerns about the complexity of navigating nutrient offsetting, especially in their
interactions with state governments.

The catchment mitigation component of nutrient offsetting projects in Australia typically
takes one of two approaches: 

 Streambank restoration, primarily in rural land, which is focussed on streambank
stabilisation, tree planting and exclusion fencing;
Urban stormwater mitigation strategies, such as bioretention basins, swales, and
channel naturalisation. 

1.

2.

For approach 1, effective engagement with landholders is essential to gain access to
land and ensure the ongoing maintenance of sites, while approach 2 is typically
managed at a local government level to ensure that there is an effective strategy for
implementation and ongoing maintenance of infrastructure. 

Streambank restoration involves greater risk as it relies on ongoing effective relationships
with landholders to ensure ongoing benefits from the projects. Interviewees have
identified a lack of clarity around who owns the offsetting works, and there is legal
ambiguity as to who ‘owns’ the mitigation works, given that the landholder owns the land.
As a result, there can be risks of non-compliance if the relationship between landholder
and water utility is not effectively maintained. Often catchment management groups are
engaged to facilitate the relationships with landholders. There are also examples where
grants have been awarded to landholders so they can control the remediation process,
creating greater ownership of the project and benefits. 

The benefits of nutrient offsetting projects are typically assessed using modelling
approaches, both quantifying the efficacy of bank stabilisation and other remediation
measures in the riparian zone and assessing the water quality improvements in rivers/
creeks. Usually, consultants are engaged to undertake the modelling. There are very few
examples where long-term monitoring has also been done. This is typically for two
reasons: 

1. It is more expensive than modelling.
2. It can be difficult to measure an attributable change in water quality when there is
so much natural variability in aquatic systems.

Due to the paucity of data before and after offsetting, there has been limited calibration
of models for local conditions, resulting in a significant level of uncertainty in the model
outputs. Therefore, there is a concern from regulators that models may be used
inappropriately in assessing the effectiveness of an offsetting project. This is an area that
warrants further investigation.

In Australia, nutrient offsetting may give the greatest benefit in catchments where there
are significant areas of erosion, which is typically rural areas. 
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Often state governments specify that there is the need to do offsetting works in the
same catchment and upstream of the discharge point from wastewater treatment plants
(WWTPs). At times this limits the effectiveness of offsetting, e.g., where there is limited
scope for offsetting upstream or where other stressors confound the ability to achieve
benefits from offsetting.

The assimilative capacity of receiving water environments for nutrient inputs is poorly
understood making it difficult to set targets for ecological health, and hence assess
nutrient offsetting projects against these targets. Additionally, there is currently a lack of
clarity in comparing the effect of wet (catchment runoff) vs. dry season (constant inflows
from wastewater) nutrient inputs on water quality and ecosystem health. This includes the
need to take a long-term view of the cumulative effects of wet season inputs on
waterways. The nutrient equivalency and delivery ratios need to be more accurately
determined across catchments. 

The transaction costs, particularly for utilities with implementing nutrient offsetting, are
typically not measured and are likely to be quite high. Additionally, these costs occur over
relatively long timeframes, due to the need to maintain the offsetting sites and undertake
modelling or other requirements. A robust analysis of the cost effectiveness of nutrient
offsetting should be determined.

The need for an investment rolling plan was identified so markets can be established with
a long-term plan.

There are many examples of co-benefits when undertaking nutrient offsetting which
include: benefits for local communities, e.g., engaged landholders who want to do more
catchment restoration; reduced water and sewage treatment costs for consumers;
improved recreation; improved real estate values; job creation via undertaking mitigation
works. Societal benefits also create social capital for utilities. Typically, these societal
benefits have not been costed in a formal way and this is an area that warrants further
investigation to fully value the co-benefits. 

Offsetting also results in co-benefits for the environment, both in the immediate area,
and downstream. This includes carbon sequestration from increased vegetation, improved
biodiversity of species, and numbers of animals and plants using riparian and river
ecosystems, flood mitigation, and reduced sediment loss and associated silting up of
rivers, reservoirs and coastal environments. Utilities have flagged many examples, typically
anecdotal, where restoration of riparian habitats has had significant benefits for
ecosystem health and biodiversity. Typically, these have not been costed in a formal way
and this is an area that warrants further attention.
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Two examples of successful nutrient offsetting projects include Urban Utilities (southeast
Queensland) which have taken a lead role in promoting nutrient offsetting in Queensland.
They undertook two pilot projects to locally offset their WWTP riverine discharges in
Beaudesert (commenced 2013) and Laidley (commenced 2018) in southeast Queensland. 

They undertook streambank restoration nutrient management actions with rural landholders.
Project environmental approvals were issued from the Environmental Regulator (DES) in
accordance with the point source water quality offsets policy. The DES policy requires offset
projects to be located upstream of the WWTP outfall and a minimum 1.5:1 total nitrogen ratio
to ensure the project delivers an overall improvement in water quality at the WWTP outfall
location. Based on the ongoing monitoring and evaluation program, the green streambank
assets are performing according to upfront modelling estimates with nutrient offset credits
being validated every year. The offset projects lowered regulatory risks and allowed Urban
Utilities to defer major upgrades at existing WWTPs, providing more time to undertake
robust planning to optimise WWTP processes and cater for future population growth. Urban
Utilities paid all the costs associated with offsetting projects. 

Another example of a successful offsetting project is Coliban Water’s WWTP at Kyneton,
Victoria, (the Kyneton Water Reclamation Plant (WRP)). It had non-compliance issues with its
EPA-issued discharge licence, primarily nutrients. The compliance issues were exacerbated by
a reduction in the volume of passing flows in the receiving water (the Campaspe River) and
increasing inflows into the WRP. A proposal was submitted to EPA focussed on riverbank
remediation works at several riverfront properties upstream of the discharge point, with
predicted 150-200% nutrient offset. A 5-year river health monitoring program was also
initiated. EPA was initially supportive but then decided not to support the inclusion of
environmental offsets as part of an amended discharge licence. Despite this, Coliban Water
chose to complete the riverbank remediation works. Since the completion of the works, and
the delivery of the reports for the river health monitoring program, EPA have become more
supportive of potentially recognising these offsets under any amended discharge licence for
the WRP. 

A summary of the processes that we suggest are required in nutrient offsetting projects is
outlined in Figure 3. It identifies key steps and feedback loops within each step and provides
information on key considerations and knowledge gaps to fill. It is clear that undertaking
offsetting projects is complex and mechanisms for streamlining are needed.Challenges are
identified in Table 1.
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Figure 3: A summary of the processes involved in nutrient offsetting projects
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Optimising mitigation for
maximum benefit, including
identification of optimal
sites and strategies for
maximum ROI

More and better data to
calibrate/validate models
estimating nutrient load
reduction from mitigation
 

Scientific basis needed for
more robust equivalency
and delivery ratios
 
 
 

Methods for assessing the
costs and benefits of
offsetting, including co-
benefits

Lack of assimilative
capacity/sustainable loads
for most catchments
 
 
 

Table 1: Most frequently identified challenges with undertaking offsetting programs

SCIENTIFIC KNOWLEDGE
GAPS

CHALLENGES FOR WATER
INDUSTRY INVESTMENT

CHALLENGES WITH GOVERNMENT
OVERSIGHT

Significant costs in
coordinating projects with
multiple stakeholders
without clear information on
the maximum ‘bang for buck’

Lack of good quality data on
return on investment, and
risk to water industry from
uncertainty in model outputs

Government role is
regulatory rather than
working collaboratively to
make the scheme work,
meaning that all the risk is
with utilities

Uncertainty in ratios may
result in inequities and lack
of confidence in investment

Little engagement by local
governments (except where
they manage wastewater
facilities) and lack of
coordinated approach by
local governments

Lack of an offset framework
and guidelines. Lack
coordination and consistency
of policy within government,
creating complexity

Riskier for investment
compared with grey
infrastructure

Lack of inclusion of
stormwater in many schemes

Lack of offset project
feasibility assessment to
achieve the nutrient load
management goals

Insufficient information on
government targets, e.g., river
assimilative capacities, wet season vs
dry season targets, identification of
where in the catchment-to-sea
continuum should environmental
benefits occur
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There are excellent international examples of how nutrient offsetting could work as a
market where there is an overarching organisation facilitating offsetting., e.g., the South
Nation Conservation Association that managed the Ontario South Nation River trading
program in Canada (Figure 4), Pennsylvania Infrastructure Investment Authority and
Pennsylvania Department of Environmental Protection that managed the Pennsylvania
nutrient credit trading program in Chesapeake Bay, USA (Figure 5, Boleman and
Jacobson, 2021). In some cases, a fund is set up by an independent entity that can be
managed by multiple stakeholders, including point and non-point source representatives
(Figures 4, 6 & 7). In other cases, local governments provide all the key information and a
website where people can trade freely (Figure 5). There are also examples of the use of a
credit bank which buyers pay into which protects them against mitigation failures, e.g.,
floods, droughts. In some cases, the government puts up the funds/loans initially for
mitigation which allows buyers and sellers to apply for funds, and in the case of buyers
they pay the government back at a later stage. It provides capital when it might not
otherwise be available in the short term to kickstart markets. Additionally, carbon credits
can be included in the scheme, e.g., when planting trees, providing a credit against the
costs of nutrient offsetting. This all assumes that credits have a tradeable value. 

Another component of the nutrient offsetting project was a review of the international
literature. 

Literature review - key findings

Figure 4. Case study: Ontario South Nation River trading program in Canada
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Figure 5. Case study: Nutrient offset trading program in Virginia (Chesapeake Bay, USA)

Figure 6. Case study: Pennsylvania nutrient credit trading program in Chesapeake Bay, USA
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The analysis of the literature shows that successful international nutrient offsetting
examples (measured by nutrient load reduction to waterways) have sufficient drivers for
both nutrient credit buyers and sellers to be involved in the offsetting market. Drivers for
buyers are both from government policy/regulation agencies that set nutrient loads
capping, as well as ensuring the cost-effectiveness of implementing catchment
approaches to meet the nutrient discharge limit. Incentives for sellers are typically about
getting more revenue from implementing nutrient reduction interventions, compared to
their business as usual. International studies have shown that nutrient offsetting
programs should have buy-in from local government, the regulated point-source
polluters, and other stakeholders within the catchment. Before going to the expense of
developing a water quality trading program, it is recommended that the relevant bodies,
either governmental or nongovernmental, ensure these factors are in place.

Cost estimates have been ascertained for different nutrient load reduction options within
catchments (US EPA, 2001), e.g., WWTP upgrades, stormwater treatments, and
catchment restoration. Some studies suggest that the cost to reduce the same amount
(e.g., per kg) of point source and stormwater nutrient load was much more expensive than
non-point source nutrient load reductions (Hall, 2012; Lötjönen et al., 2021; Shortle, 2012).
Allowing nutrient offsets between point and non-point sources has been estimated to
reduce the cost of implementing water quality standards in the US by $140–235 million
USD annually (US EPA, 2001). Some nutrient offset programs demonstrated an overall
nutrient cap goal for a catchment at a reduced cost for a point source offset, e.g., nutrient
offset projects in North Carolina in the US (US EPA, 2008). 

Figure 7. Case study: Lake Taupo nitrogen trading program in New Zealand
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Studies have also shown co-benefits outside the offset scheme, such as sediment
reduction, carbon storage, groundwater recharge, flood retention, and habitat and
biodiversity protection, which further improves the health of the terrestrial and aquatic
ecosystems (Cole et al., 2020; Mueller et al., 2019). For example, studies have shown that
revegetating 30 m width of a riparian buffer not only removed 50–70% of total nitrogen
(TN) in the runoff, but also removed approximately 80% of sediment and total
phosphorus (TP) loads (Hoffmann et al., 2009; Mayer et al., 2007; Sweeney and Newbold,
2014). However, some co-benefits, such as increased aquatic biodiversity and
functionality might need longer response times, compared to the timeframes for nutrients
and sediment reduction (Rinne, 1999; Roni et al., 2002). 

Internationally, it is acknowledged that the models used to assess the effectiveness of
nutrient reduction from mitigation works have a significant level of uncertainty. However,
countries such as USA have the advantage of already having significant background
information on soil, water quality and hydrological characteristics to reduce model
uncertainties. Therefore, successful nutrient offsetting programs typically have consistent
and standardized estimation methodologies developed for nonpoint source actions. In
Australia, there is less information to calibrate and/or validate models. Typically, models
are calibrated with soil erosion information from LIDAR or satellite images, and it is
assumed that nutrient loss to waterways is associated with soil erosion. However, field
studies have shown that soil erosion rates do not necessarily equate to nutrient loss rates.
Therefore, soil nutrients from mitigation sites should be measured. Additionally, validation
or calibration with existing/background water quality data is important to reduce
uncertainty for nutrient load estimation from catchments.

Another uncertainty for the industry is the offset or trading ratio between point and non-
point sources of nitrogen or phosphorus, which is typically based on both the equivalency
and delivery ratios. It is acknowledged in the literature that this is a major knowledge gap.
We could not find any evidence in the literature that the effect of different sources on
ecosystem health, for the same TN or TP load, had been validated. A current ARC Linkage
grant (CI: Burford, Griffith University) is currently examining equivalency ratios. More
research is needed on delivery ratios. 
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Recommendations

There was consensus amongst utilities and government that a coordinated framework
with an independent entity taking a role in coordinating nutrient offsetting at a regional
scale would be beneficial, provided this was done cost-effectively and with minimal
bureaucracy. 

It is suggested that both national and international experts who have experience with
nutrient trading give presentations to the water industry and government stakeholders.

Following on from this, greater coordination is needed within the water industry to create
an improved scheme and advocate within state and/or federal governments. This could
include setting up a committee to advise on strategies as well as advocating on behalf of
the water industry with government.

International studies have shown that successful factors of nutrient offsetting programs
include buy-in from local government, the regulated point-source polluters, and other
stakeholders within the catchment. Before going to the expense of developing a nutrient
trading program, it is recommended that the relevant bodies, either governmental or
nongovernmental, ensure these factors are in place. Therefore, the advocacy and shared
learning processes are critical.

Successful nutrient offsetting programs internationally typically have consistent and
standardized estimation methodologies developed for nonpoint source actions, and this
needs to be examined and developed in Australia.

There is a need to support projects that fill key scientific knowledge gaps to reduce risk
and increase confidence in nutrient offsetting. This would include improved data and
models, optimising sites for remediation and effective quantification of co-benefits. The
range of benefits would cover biodiversity, sediment reduction and carbon capture, as a
first step to integrate green solutions to deliver the best outcomes for the water industry.

Overall, this study has identified many positive elements of nutrient offsetting in Australia but also
many impediments to further expansion of the approach. Therefore, there are several recommendations
from this study: 
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In this Appendix, a more detailed explanation of the interviews undertaken with individuals in

the water industry and government regulators in Australia, as well as individuals within the

university sector and consultants, is given (Table A1). The questions outlined below were

shared with the Steering Committee prior to interviews commencing.

The questions asked of the interviewees were:

A1.1 Interview process

Appendix 1 - Results of interviews
with Australian participants in
nutrient offsetting

1 Have you had/or are being involved with some aspect of
nutrient (and/or carbon) offsetting?

2
If you were or are currently involved in a project or
planned project, give details.

3 When did planning for the project take place?

4
Do you think the project had or is having or likely to have
significant benefits?

5 Have there been key learnings of the project so far?

6
If you were doing this again, what would you have done
differently?

7
What do you think are the key knowledge gaps or
uncertainties that need to be addressed for offsetting
to be more effective?
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Organisation Contact person Relevant scheme/s  Status

  Logan Water
  (Water utility)  Kam Akrami    Cedar Grove

Implemented 
In M&E phase

  Port of Brisbane    Craig Wilson  
Mulgowie (Laidley Creek),
Downfall Creek  

Implemented
In M&E phase  

Urban Utilities
  (Water utility)

  Cameron Jackson 
  Beaudesert
  Mulgowie (Laidley Creek)  

Implemented
In M&E phase  

  Unitywater
  (Water utility)
  

  Luisa Magalhaes

  Pine River
  Mooloola River
  Caboolture River (Bellmere)
  Yandina wetlands, 

Pine and
Mooloolah
being
investigated
Others are
implemented
in M&E phase

Goulburn Valley
Water 
(Water utility)

Kirsten Hogan  Kilmore project (Kilmore Creek)
Implemented
In M&E phase 

Melbourne Water 
(Water utility)

Sharyn Rossrakesh Urban upgrades
Implemented
In M&E phase  

Sydney Water
 (Water utility)

 Jenny Rogers
  

Hawkesbury/Nepean
Blue Mountains

Still being
implemented

Hunter Water
(Water utility)

Louise McKenzie  Conjuway Creek, Paxton  
Implemented
In M&E phase  

Townsville City
Council 
(Water utility)  

David Manning
(previous employee) 

Bohle Creek, urban stormwater
upgrades

Implemented
In M&E phase

 Coliban Water
 (Water utility)

David Sheehan Kyneton Water plant  
Implemented
In M&E phase 

Cairns City Council Lynne Powell
Potential applications in urban
areas of Cairns

No projects yet

The following people were interviewed:
Table A1-1: List of people interviewed and status of implementation. M&E = monitoring and
evaluation
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Organisation Contact person   Relevant scheme/s  Status

SA EPA (Regulator) Shaun Thomas Urban stormwater upgrades  
Implemented
In M&E phase  

Victoria EPA
(Regulator) 

David Robinson   Whole of Victoria perspective    
  

NSW EPA
(Regulator)

Matthew Hart Whole of NSW perspective    
  

Qld DES
(Regulator)

Ian Ramsay Whole of Qld perspective    
  

Griffith University
(Researcher)

Jim Smart
GBR research projects on
  nutrient trading and
environmental accounting

   
  

Aurecon Consulting 
  (Researcher)

Abel Immaraj
QWMN project on nutrient
  offsetting twinning

   
  

UNSW
(Researcher)

William Glamore
Restoration projects with
utilities

   
  

Green Collar Carole Sweatman
Voluntary reef credicts
scheme, Great Barrier Reef
catchments

Implementation
commenced,
ongoing

A number of other people were contacted, and interviews were requested. There was either
no response to repeated requests, or they felt they had insufficient experience with nutrient
offsetting to contribute meaningfully.

The interviews identified a wide range of approaches to undertaking nutrient offsetting, as
well as identifying successes and failures, both at a project level and a state level. Key
constraints and opportunities were also identified which are key to ensuring that nutrient
offsetting will be a viable option and will expand significantly as an activity in the future.
There were some excellent examples of projects that have been very successful, e.g., projects
with Urban Utility, Unitywater, Goulburn Water, Hunter Water, but the slow rate of
implementation of new schemes across Australia suggests some key impediments that still
need to be addressed and possibly other constraints. 
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There are a range of projects throughout Australia using nutrient offsetting to offset WWTP

nutrient discharge. This includes projects initiated by Urban Utilities (Beaudesert, Laidley

Creek), Logan Water (Logan River), Unitywater (Caboolture River), Goulburn Valley Water

(Kilmore) and Hunter Water (Paxton). These projects undertook restoration work in rural or

semi-rural catchments which focussed on bank stabilisation, riparian tree planting and

fencing. There were several urban projects as well, e.g., Melbourne Water. Other projects are

still in the scoping or early construction phase, e.g., Sydney Water. The sections below

integrate the findings of all these studies to provide information on the range of approaches

taken, and their effectiveness. A range of studies in various phases of implementation

throughout Australia, focussed primarily on those undertaken by utilities. 

A1.2 Nutrient offsetting projects in Australia

Logan Water (Utility)

Logan Water undertook an offsetting project in the Logan River, southeast Queensland to

offset discharge from their WWTP at Cedar Grove. This was located on agricultural land (cattle

grazing) 25 km upstream of the WWTP, in collaboration with landholders. This involved

stabilisation and revegetation. There was an agreement with Queensland Department of

Environment and Science (DES) within the nutrient offsetting policy. The estimated offsetting

benefit was 2.89 tonnes TN per year and 2.89 tonnes TP offset. This compared with 700 kg TN

allowable WWTP discharge. Logan Water paid all the costs associated with offsetting.

Offsetting was done in concert with on site nutrient reduction works, i.e. constructed wetland.

Port of Brisbane (Port operator)

This was not technically an offsetting project but was driven by a need to treat stormwater at

the Port in order to comply with the Queensland State Planning Policy (State Interest Water

Quality Supplementary Implementation Guideline (February 2021)) regarding stormwater

treatment, i.e., reduce sediment (80%), phosphorus (60%) and nitrogen (45%). 

Historically the Port used traditional onsite treatment mechanisms such as bioretention basins,

swales etc. Given this was a very expensive option they explored alternatives to treating

sediment, nitrogen, and phosphorus in the catchment. Sites for remediation were examined and

the Lockyer Valley region, southeast Queensland, was identified as a hotspot for erosion. They

ran a pilot study in Laidley Creek at Mulgowie in 2017 and demonstrated a significantly better

sediment and nutrient reduction outcome than onsite treatment. They have now run three

projects in Laidley Ck, and another project in partnership with Brisbane City Council and Council

of Mayors (SEQ) at Downfall Creek in 7th Brigade Park, Chermside. Port of Brisbane generate

investment through a stormwater treatment levy on developers, however stormwater is still

treated onsite using passive structures and gross pollutant traps.
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Urban Utilities (Utility)
Urban Utilities (southeast Queensland) have taken a lead role in promoting nutrient offsetting
in Queensland. They undertook two pilot projects to locally offset their WWTP riverine
discharges in Beaudesert (commenced 2013) and Laidley (commenced 2018) in southeast
Queensland. They undertook streambank restoration nutrient management actions with rural
landholders. Project environmental approvals were issued from the Environmental Regulator
(DES) in accordance with the point source water quality offsets policy. The DES policy requires
offset projects to be located upstream of the WWTP outfall and a minimum 1.5:1 TN ratio to
ensure the project delivers an overall improvement in water quality at the WWTP outfall
location. Based on the ongoing monitoring and evaluation program, the green streambank
assets are performing according to upfront modelling estimates with nutrient offset credits
being validated every year. The offset projects lowered regulatory risks and allowed Urban
Utilities to defer major upgrades at existing WWTPs, providing more time to undertake
robust planning to optimise WWTP processes and cater for future population growth. Urban
Utilities paid all the costs associated with offsetting projects. 

Unity Water (Utility)
Two offsetting projects for WWTPs are underway in Caboolture River and Yandina Wetlands,
north of Brisbane. For the Caboolture River, they chose streambank restoration at nine sites
along the river. There were significant modelled benefits from erosion reduction. Unitywater
paid all the costs associated with offsetting. There was an agreement with DES within the
nutrient offsetting policy. For Yandina, Unitywater purchased two lots of former cane farming
land and transformed it into a wetland opened to the public. 

Goulburn Valley Water (Utility)
WWTP discharge at Kilmore, Victoria was offset by remediating the riparian zone of a rural
creek by fully funding fencing, weed (gorse) control, revegetation. This was conducted on
private land. It was done on top of some upgrades of a WWTP. A total of 945 kg phosphorus
p.a. needed to be offset and they achieved 1042 kg P. If upgrades to the WWTP had been
done it was estimated that it would cost $50M, while the offsetting project cost around
$15M.

Melbourne Water (Utility)
Conditions have been put on new subdivisions to ensure nutrient loads from stormwater are
managed in the Melbourne urban area. Mitigation works can be done on site or off site.
Offsetting funds go to Melbourne Water for use in catchments that flow into Port Philip Bay.
The focus is on water quality benefits in Port Philip Bay, rather than on local catchments.
Offsets are primarily in urban land. Nutrient offsetting is not, however, in the Victoria
planning provisions. 
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Sydney Water (Utility)
Technological improvements have seen a dramatic reduction in nitrogen and phosphorus
discharge from WWTPs but the increasing population in greater Sydney means that further
upgrades will require advanced technology that is prohibitively expensive. The NSW EPA has
developed a framework for regulating nutrient discharges into the Hawkesbury-Nepean River
from wastewater treatment plants that includes offsetting and trading schemes. The
proposed framework, which comes into effect on 1 July 2024, includes equivalency/delivery
ratios between 3:1 and 12:1 depending on the type, reliability and location of the offset.
Sydney Water is constructing pilot offset projects to test the viability and effectiveness of the
new framework. The pilot projects include a bank stabilisation at Camden and a raingarden
biofilter at Glenbrook. 

Hunter Water (Utility)
Hunter Water, NSW needed to tackle their Paxton WWTP nutrient discharge, so they
developed an effluent management strategy. This identified offsetting as an option for the
ephemeral stream, i.e., Conjuway Creek. The project was not licensed as a nutrient offset
scheme because the loads were not high enough to require offsetting. Offsetting was done
on rural properties, focussed on riparian and erosion works. Hunter Water set up a series of
grant rounds which landholders applied for, and they were responsible for implementing the
works on their properties. The model estimate of the benefit was 632 kg nitrogen retained
p.a., and 89 kg phosphorus retained p.a.

Townsville City Council (Utility)
The Townsville City Council, north Queensland, were having difficulties complying with
requirements for nutrient discharges from their WWTPs. Queensland DES and the Office of
the Great Barrier Reef put in funding to examine offsetting options using stormwater. A
program of works has commenced including channel naturalisation and water sensitive urban
design. 

Coliban Water (Utility)
Coliban Water’s WWTP at Kyneton, Victoria, (the Kyneton Water Reclamation Plant (WRP))
has had non-compliance issues with its EPA-issued discharge licence, primarily nutrients. The
compliance issues have been exacerbated by a reduction in the volume of passing flows in the
receiving water (the Campaspe River) and increasing inflows into the WRP. A proposal was
submitted to EPA focussed on riverbank remediation works at several riverfront properties
upstream of the discharge point, with predicted 150-200% nutrient offset. A 5-year river
health monitoring program was also initiated. EPA was initially supportive but then decided
not to support the inclusion of environmental offsets as part of an amended discharge
licence. Despite this, Coliban Water chose to complete the riverbank remediation works. Since
the completion of the works, and the delivery of the reports for the river health monitoring
program, EPA have become more supportive of potentially recognising these offsets under
any amended discharge licence for the WRP. 
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Buyers (purchasers of Reef Credits, including government, corporates, philanthropic
organisations)
Sellers – the credits are generated through actions by farmers in the reef catchments
Project Developers –Partnering with landholders to create projects, and determine
technical requirements of registering, auditing and completing verification and generation
of Reef Credits through Eco Markets Australia.

Reef Credit Scheme (water quality trading scheme)
Reef Credits are tradable water quality credits generated from sediment and nutrient
pollution prevented from reaching the Great Barrier Reef. GreenCollar (a consultant company)
partnered with the Qld government, Terrain NRM, NQ Dry Tropics to develop and set up Reef
Credits. In 2017, Eco Markets Australia was established, Australia’s first and only independent
markets administrator. The Scheme has:

The scheme has already generated 42,000 Reef Credits – which is 42,000 kg dissolved
inorganic nitrogen prevented from flowing to the GBR.
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A1.3 Implementation strategies

A1.3.1 Sites and strategies chosen for offsite mitigation

Riparian tree planting.

Riverbank stabilisation with engineering works, e.g., battering.

Fencing to stabilise banks, protect vegetation and exclude stock.

Other activities currently being undertaken include:

The process for developing nutrient offsetting projects has occurred on an ad hoc basis with
individual utilities typically taking a lead role throughout the lifetime of the projects. 
The mitigation works for nutrient offsetting projects typically fall into two categories: urban
and rural. Projects in rural areas rely on engagement with landholders to get their buy-in to
allow restoration works on their river and creek fronts. Landholders can range from ‘tree-
changers’ with acreage property, primarily for lifestyle reasons, through to extensive and
intensive agricultural industries. There is a significant time cost in engaging these landholders
throughout the relationship establishment phase as well as when mitigation, maintenance
and monitoring activities occur. Additionally, as activities are occurring on private land,
ensuring continuing access to that land is critical. The benefits of mitigation may be diluted
by fragmentation, i.e., some landholders agreeing to be involved and other adjacent
landholders declining. In some cases, all costs are borne by the industry partner, in other cases
there is co-contribution from the landholders, e.g., awarding grants. 

Mitigation activities undertaken in urban areas often use land adjacent to waterways that is
not privately owned. This land may be owned by local councils, e.g., reserves. In large urban
centres the focus for mitigation may be broader than individual creeks or rivers. In Melbourne
and Adelaide, mitigation has focussed on safeguarding water quality and environmental
values in coastal environments, e.g., Port Philip Bay. In Sydney, much of the focus has been
the Hawkesbury/Nepean River system.

The most common mitigation actions identified were:

o Seaweed and oyster cultivation, both of which are in the trial phase to determine
their efficacy in nutrient removal. Seaweed is used for dissolved nutrient removal,
while oysters remove particulate nutrients.

o Offsite wetlands are also used in some cases, but some interviewees felt that they
are expensive to maintain.

o Offsite rain gardens area also being trialled. 

o In urban areas in some states, stormwater management may also be used. This
involves approaches such as bioretention basins, swales, rain gardens, rainwater
tanks, passive diffusion of runoff, and street tree watering. 
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Nutrient offsetting projects involve a range of organisations and individuals. It is clear from
the interviews that managing these collaborations is critical to the success of all projects and
requires a considerable time investment. These collaborations include catchment
management organisations such as Landcare and Healthy Land and Water. These
organisations often have good relationships with landholders to facilitate negotiations. They
may also have the expertise to undertake the mitigation works, e.g., bank stabilisation, tree
planting, and may also undertake the maintenance works, such as weeding and watering to
maximise the success of the mitigation. However, mitigation and maintenance activities are
not always done by an external organisation, and sometimes landholders themselves may
undertake these works. Another important role for catchment management organisations
may be identification of suitable sites for offsetting schemes, based on assessment of areas
where rehabilitation is most likely to be effective. 

As mentioned in the section above, landholder collaborations are also critical. Interviewees
identified that many landholders have been very positive about the benefits (and co-benefits,
see below) of the projects, and this has facilitated greater engagement from other
landholders. 

Consultants may also be collaborators or contracted on projects, facilitating landholder
engagement, undertaking on ground works and/or running catchment models. Researchers
at universities and other research agencies may also be involved, undertaking trials of the
effectiveness of different mitigation options, examining mechanisms for establishing nutrient
markets, and providing data on equivalency ratios for nutrients when WWTP discharge and
catchment runoff are compared. 

The Reef Credits scheme appears to be the only system in Australia where a market has been
set up. Consultants, the Queensland government, and natural resource management
organisations partnered to set it up and Eco Markets Australia was set up as Australia’s first
and only independent market administrator. It is focussed on reducing sediment and nutrient
loss from agricultural land with the purchasers of Reef credits being government,
corporations and philanthropic orgnisations. The scheme only commenced a couple of years
ago but already has already generated 42,000 Reef credits which is equal to 42,000 kg
reduction in dissolved inorganic nitrogen flowing to the Great Barrier Reef. 

A1.3.2 Collaborative arrangements
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A1.3.3 Monitoring and evaluation

An important component of offsetting projects is determining if they are working
successfully. WWTP operators are usually required to maintain sites, and pay the costs
associated with this. Typically, the buyers of nutrient offsetting must ensure efficacy of the
sites for between 5 and 10 years. In some cases, sites are reviewed on a 5-year basis, then
licenses may be renewed. 

The main method used for assessing the benefits of mitigation is via modelling approaches.
This involves models such as SOURCE (hydrological model) and BSTEM (Bank stability and
toe erosion model) to both quantify the likely benefits of mitigation works ahead of time, and
if done in concert with monitoring, to quantify the actual benefits after implementation.
Technologies such as LIDAR (remote sensing with lasers) are used to estimate erosion control
before, and in the years after implementation of mitigation works. On-ground assessments
are also done to make estimates of factors such as tree cover, integrity of riverbanks, etc. 

Monitoring of a reduction in nutrient concentrations in waterways, or measurements of
improvements in other measures of aquatic ecosystem health as a result of estimated
nutrient reductions, are rarely done. This is because monitoring is expensive and it can be
difficult to detect change after mitigation due to other confounding perturbations, e.g.,
flooding, droughts, extreme temperatures. Therefore, there are risks that environmental
improvements are not actually achieved, given the limitations of using models if they are not
effectively calibrated.

In the Reef Credits scheme, there is an administrator that undertakes auditing of projects to
ensure a standardised protocol and delivery of benefits. 

A1.3.4 Other mitigation activities done in concert with offsite mitigation

Wetlands to reduce nutrients discharged from WWTP. 
Upgrading and optimising nutrient reduction strategies within existing plants, e.g., use of
aeration on lagoon systems, nitrification enhancement including floating structures, alum
dosing, advanced control systems.
Irrigation of pastures with discharge water on adjacent land.

Often offsite mitigation works are done in concert with other nature-based solutions on or
adjacent to the site of the WWTP. There are a range of approaches including:
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A1.3.5 Benefits of schemes (including co-benefits)

Creating high quality habitat for enhancing biodiversity. This includes the riparian zone,
wetlands, and in-stream habitats. Benefits including an increase in bird and terrestrial
plant numbers and diversity. Within waterways, aquatic plant and fish numbers and
diversity may also increase. Additionally, riparian areas may have greater ground cover
and structural diversity. Wildlife corridors may also be created.

Reduction in erosion processes which not only reduce nutrient loss to waterways but also
result in greater sediment stabilisation. Preventing this mobilisation is beneficial in
reducing sand slugs in rivers, decreasing smothering of seagrass beds in estuaries and the
nearshore, and reducing the frequency of dredging channels for navigation. In one
proposed study in Adelaide, the timescale over which nutrient reduction from the WWTPs
would be increased, so that these facilities could instead invest in reducing sediment from
urban stormwater. This approach is being considered as sediment smothering of seagrass
was considered a more serious environmental impact than the effect of nutrients in urban
waterways.

Planting trees and encouraging natural germination of existing seedstock increases
carbon capture and may contribute to carbon offsetting.

Nutrient offset projects may also provide a mechanism to reduce nutrient concentrations
without reducing flow rates. This can be beneficial in creeks where the WWTP discharge is
the main, and important contributor to flow in the creek. This ensures that creeks
continue to support fish passage and habitat for multiple aquatic species.

Additional benefits are the improved wellbeing of local communities who access
waterways, as well as improving the social license of WWTP operators. In situations where
the costs of mitigation were less than the estimated costs, or the costs of upgrading
plants, local communities also benefit from reduced rates, or less of an increase in rates,
for treatment of wastewater. 

State and local governments may also benefit from less erosion of landscapes, including
roads, which require less funds expended to undertake repairs, as well as improvements in
water quality for surface drinking water supplies, reducing human health risks and
treatment costs.

Many interviewees identified a range of co-benefits from their nutrient offsetting project.
However, these co-benefits are often not assessed quantitatively. Qualitatively they appear
to be an important component of demonstrating the success of nutrient offsetting projects.
The co-benefits include:

As part of the analysis of the information gained from the interviews, a SWOT analysis was
conducted to examine the strengths and weaknesses of nutrient offsetting, then to identify
opportunities and threats going forward. 
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A1.4 Strengths and weaknesses

A1.4.1 Strengths of the current approach to the nutrient offsetting concept

Multiple sites in Australia have shown a quantifiable net reduction in nutrients from
catchment mitigation, typically with less cost expenditure than for WWTP upgrades. For
example, the Kilmore project determined that the ratio of benefit was higher, i.e., 2.2:1
total nitrogen ratio, compared with the 1.5:1 required.

There were many beneficiaries of nutrient offsetting:

o WWTP operators and their customers gain the maximum benefits as it allows
them to continue to operate.
o Other beneficiaries are local councils, landholders, catchment management and
land care groups, researchers, special interest groups, the public accessing the
enhanced amenities, and state and local governments. 
o Most importantly, in terms of the intent of nutrient offsetting, the environment
benefits via measures such as increased biodiversity and improved water quality. 

Nutrient offsetting provides investment for catchment restoration that wouldn’t
otherwise be done primarily because it is too expensive.

Reducing nutrients in a catchment, via offsetting, without reducing flow from wastewater
discharge can provide low flow at times when there is no flow to assist fish passage and
spawning, and as well as ensuring refugia and habitat are maintained in rivers and creeks.

However, it should also be acknowledged that nutrient offsetting works best when
WWTPs are not the dominant nutrient source for a catchment or subcatchment,
otherwise it can be difficult to find mitigation sites where sufficient nutrients can be
offset upstream. 

Nutrient offsets work well in those rural catchments where there are significant areas of
erosion. 

Some studies have shown evidence that despite floods after mitigation has occurred,
restored riparian zones can be largely maintained, rather than being washed away.

Nutrient offsetting projects drive innovative thinking about green infrastructure and co-
benefits. This innovative thinking is critical to a future green economy and valuing natural
capital, including development of nutrient treatment approaches, e.g., seaweeds, oyster
beds.

Landholder engagement in offsetting has resulted in their desire to do more streambank
restoration.

Offset sites can provide a showcase for the public highlighting the benefits of natural
capital and positive feedback has been received from public regarding project benefits,
e.g., Hunter Water.

In some offsetting approaches the science is quite well established, reducing uncertainty
in determining the benefits, e.g., urban wetlands.

Page 35



A1.4.2 Weaknesses of current approach to nutrient offsetting

There is a lack of a state government or national framework. Many interviewees felt that
state governments were too risk averse. The focus was on strict compliance rather than
working collaboratively to solve problems. There is also tension between the desire for
development of urban areas within one sector of government vs the desire to regulate
nutrient outputs from another government sector. Additionally, there is also a lack of
coordinated approach by local councils, and between councils and state governments,
making it difficult to develop generic protocols.

In some areas thresholds for offsets are too flexible. Additionally, the lack of reviews of
some projects mean that mitigation strategies were not being enforced. 

Lack of political will to embrace nutrient offsetting in some states means that there is
more potential to set up carbon offsetting, with nutrient offsetting becoming the co-
benefit, rather than the focus.

Scientific uncertainties remain including issues around: nutrient equivalency between
catchment runoff and wastewater treatment discharge; ability to monitor effectiveness of
mitigation; insufficient monitoring and mitigation data to validate models for specific
sites.

There is a significant time investment and cost in setting up, maintaining and monitoring
offsetting projects. Typically, this is borne by individual WWTP operators. 

It can take a long time to have measurable benefits from mitigation, particularly planting
trees which take years to fully establish. 

The need to do nutrient offsetting in the same catchment as that for point source water
input limits the ability to undertake works, especially if the main nutrient input is from
point sources, or conversely if the main nutrient input is from non-point sources. This is
also true if the catchment goes across multiple jurisdictions.

Sometimes implementation and maintenance are done poorly – high quality providers
need to be available to undertake the work.

Offsetting may not work well in sites where there are significant environmental multi-
stressors such that the benefits of reduced nutrients are not realised.

Despite the benefits of nutrient offsetting outlined above, there has been limited uptake by
the water industry across Australia. This is due to risks (discussed below) and weaknesses in
the current approach. Some of these generic weaknesses are outlined below:
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A1.5 Risks and opportunities

A1.5.1 Opportunities for improvements

Co-benefits can be significant if planned properly. In a green economy, nutrient offsetting
should be integrated with co-benefits to maximise return on investment.

Inaccuracies in estimating bank stabilisation need to be addressed.

Restoration 
In many rural catchments there is plenty of scope for restoration/mitigation but sites need to
be identified, ideally using a framework. Icon Water, for example, have a strategy for
prioritising erosion hotspots for restoration in their three drinking water catchments to
improve water quality (https://www.iconwater.com.au/water-education/sustainability-and-
environment/sustainability-and-environment-programs/protecting-water-supply.aspx)

The voluntary reef credits scheme in the Great Barrier Reef catchments is a market-based
example that is up and running and appears to be working to date. It may be a useful
starting point for discussions about how the water industry could engage with nutrient
offsetting in a more coordinated way. 

Non polluters with an interest in a social license to operate and/or developing green
credentials could also be involved if a trading scheme is developed. However, this requires
leadership and a framework.

There is the need for a better approach to determining equivalency of point- and non-
point source nutrients to improve the value proposition and certainty for buyers.

Improved economic analysis and frameworks would assist buyers in assessing the value
proposition. The current benefit estimation is not good enough.

Having more cost-effective ways to manage restoration sites would improve the value
proposition for buyers.

More holistic assessments are needed for identification of whether mitigation should
involve green vs grey infrastructure.

Nutrient offsetting should include stormwater to maximise the benefits. This is already
being done in some locations.

Markets
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Better engagement with researchers would assist in improving the uncertainties around
the benefits of offsetting. Greater engagement by the Commonwealth government in
promoting research in this area would assist. This approach would be particularly effective
in areas adjacent to areas of key importance to the Commonwealth government, e.g.,
marine parks such as the Great Barrier Reef. 

More robust science needed for reconciling wet weather runoff vs dry weather runoff.

Need to consider the longer-term impacts of nutrients from wet weather runoff, e.g.,
nutrient remineralisation in Moreton Bay.

Much of the catchment mitigation involves stabilising banks to control sediment, with the
assumption that this will also deal with nutrients. However, other research has shown that
different soil types have different nutrient stabilisation characteristics. Better
characterisation of soils and their impact would provide more robust measures of how
much bank stabilisation is needed.

There is a need for assimilative capacity data for rivers and creeks, not just loads and
concentrations.

Lack of information on what happens to nutrients as they travel through the aquatic
system.

Interplay between nutrient impacts and climate change needs to be examined.

Research gaps

There is an opportunity to improve projects with early engagement with all stakeholders.
A generic strategy for this could be developed. 

Greater inter-agency collaboration needed.

Better education of public is needed, especially ratepayers, of the benefits of offsetting,
catchment restoration, improved ecosystem health, etc.

There is evidence that some wetlands may not give the nutrient reduction benefits that
they were modelled to give, but there is insufficient monitoring to substantiate this.

Studies should start with a good baseline of the background water quality condition of
the creek/river where mitigation will occur, or a space-for-time comparison.

Drones provide a useful tool to measure the success of bank stabilisation and riparian
revegetation.

Expert panels would assist in developing nutrient offsetting frameworks and identifying
knowledge gaps.

There is a lack of sufficient data to inform models.

Engagement

Monitoring and evaluation 
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The complexity of the nutrient offsetting approach, including too many government
departments to deal with, limits investment. There is also irrationality in some government
approvals as they are not set up for offsetting.

State governments do not see the program as a partnership but prefer regulatory role
which limits the effectiveness of the program.

Governments unclear in their expectations of nutrient offsetting and its benefits, creating
a risk for utilities. 

Lack of knowledge of targets for nutrient management in catchments.

Clustered nature of mitigation, i.e., in catchments near WWTPs, increases risks for
investors due to climatic issues, e.g., floods.

Clarity needed around who owns the offset works.

If offsetting aims to achieve nearshore or end of river benefits, it may come at the
expense of headwater creeks.

Complexity of setting up offsetting projects, i.e., organising partners, quantifying benefits,
monitoring and maintenance ongoing needs and managing those, means that new
projects are not coming through the pipeline as might be expected. 

Timeframes to demonstrate benefits mean risks for businesses.

Significant time commitment to work with state governments, consultants, councils,
landholders. People like instant results, not having to wait many years to see benefits.

An investment rolling plan is needed so markets can be established with a long-term plan
and employment, e.g., traditional owner rangers and utilisation of surplus offsets
generated given the precautionary approach applied to meet minimum requirements with
contingency.

A wide range of threats and/or challenges were identified by interviewees. A summary of
challenges most frequently mentioned are given in Table 2. 

Policy framework

Cost effectiveness

A1.5.2 Threats to future success of offsetting
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Expertise for effectively maintaining restoration sites can be limited.

Lack of knowledge of the effects of climate change in flow conditions, e.g., larger flow
events damaging mitigation sites.

Assessment of nutrient impacts stops at river mouth at some sites, e.g.,
Hawkesbury/Nepean, and in other situations focusses only on the nearshore at the
expense of rivers.

Concern about whether some current pilot scale projects will work at the larger scale.

Questions about whether sewage bypass during wet weather is a confounding
environmental issue.

There is a need for better engagement with researchers to ensure scientific underpinning
is available.

More robust science needed around reconciling wet weather runoff vs dry weather runoff.

Need to consider the longer-term impacts of nutrients from wet weather runoff, e.g.,
nutrient remineralisation in Moreton Bay.

Much of the catchment mitigation involves stabilising banks to control sediment, with the
assumption that this will also deal with nutrients. However, other research has shown that
the impact of nutrients from different soil types on ecosystems varies considerably.
Better characterisation of soils and their impact would provide more robust measures of
how much bank stabilisation is needed.

Need assimilative capacity data, not just loads and concentrations.

Lack of information on what happens to nutrients as they travel through the system.

Interplay between nutrient impacts and climate change need to be examined.

Scientific challenges
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Appendix 2 – Literature review of
nutrient offsetting approaches
globally
This section involves surveying and summarising
information from scientific papers, the grey
literature and relevant websites. The focus would
be on strategies used, benefits/effectiveness and
learnings/challenges. 

A2.1 Nutrient offsetting strategies and benefits

There are different approaches used to implement nutrient offsetting to address local water
quality issues, such as one-time solo-source offset projects, third party regulated offsetting
projects, and developed voluntary market-based trading (Figure 1). Those approaches differ
in many ways, including participants involved (e.g., point sources and non-point sources),
funding agencies, regulations, and organizations that are responsible for offset monitoring
and effectiveness assessment. In this section, we will provide some case studies to highlight
the different approaches to achieve local environmental goals via nutrient offsets. 

A2.1.1 Nutrient offsets between point sources only

The simplest nutrient offsetting approach is the offsets between regulated point sources
only. In this case, stormwater can be classified as a point source when it is discharged to a
water body via piping or conveyances (https://hcb-1.itrcweb.org/strategies/). This point
source nutrient offset approach establishes a cap on nutrient discharge from regulated point
source dischargers but allows them to buy extra nutrient discharge credits from other point
source polluters that are not using their established cap to achieve the same nutrient
reduction goal for aquatic ecosystems. The motivation for this approach is more flexibility and
cost-saving in achieving the same environmental goal. For example, nutrient credit trading
between WWTP within the Albemarle-Pamlico Sound watershed, the second largest estuary
in the US, has resulted in substantial cost-saving compared to the traditional command-and-
control approaches (Doyle et al., 2014). The study of phosphorus discharge trading among 22
WWTPs in the Passaic River watershed, USA, was estimated to cost a modest 2–3% of the
cost relative to a command-and-control approach (Sado et al., 2010). It is also clear from the
research that the cost-efficiency assessment needs to be done for specific cases, rather than
simply relying on information from other studies (Eheart et al., 1987).

There are also case studies where nutrient discharge permits were combined (“bubble
licensing”) for multiple point source dischargers so that they can work together more flexibly
to meet nutrient discharge requirements and improve water quality. For example, the NEW
Water Silver Creek pilot project in Green Bay, Wisconsin, USA, and the South Creek Bubble
Licensing Scheme in the South Creek area of the Hawkesbury-Nepean River in the Sydney
metropolitan area, Australia. (https://www.environment.nsw.gov.au/resources
 /licensing/lbl/lbl_module4.pdf). 
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A2.1.2 Nutrient offsets that engage non-point sources

When non-point sources were included in nutrient offset schemes, they are typically sellers of
nutrient credits, not buyers. This is because non-point sources are normally under no
regulatory obligation to reduce their discharge. The simplest approach to offset point source
nutrient discharge from non-point sources might be one-time sole-source offsets which allow
regulated point source polluters to solve their specific permit compliance problems (Shortle,
2012). They may choose to fund offsite catchment mitigations that can generate nutrient
credits for up to 10 years. This type of nutrient offset project has nutrient credits over the
project life. For example, the Minnesota Pollution Control Agency in the US allowed two
industrial point sources (Rahr Malting Company and the Southern Minnesota Beet Sugar
Cooperative) on the Minnesota River to use agricultural or other non-point source nutrient
reduction BMPs to meet their nutrient cap requirements. In those cases, the point source
polluters are responsible for identifying nonpoint source offsetting partners and ensuring the
continuing performance of the mitigation projects from non-point sources (Fang et al., 2005).
There are a few nutrient offsetting projects in Australia that applied a similar approach, e.g.,
the riverbank stabilization and revegetation work at Laidley Creek that have been
implemented by Urban Utilities, the riparian restoration at Logan River to offset the
Beaudesert WWTP discharge, and the gully rehabilitation and riparian fencing and
revegetation work to offset Kilmore WWTP discharge. 

To address a catchment scale water quality issue, many case studies implemented nutrient
offsets or trading via trusted third parties that act as a broker, credit bank or clearinghouse to
facilitate the nutrient credit exchange between nutrient sources and assure that more
participants get involved, mitigations perform adequately, and offsetting/trading activities
go smoothly, etc. Credit exchange might also include a reserve of credits to deal with failed
trades. However, these approaches don’t necessarily develop a market-based trading system
to encourage multiple trading activities in the project. For example, the Ontario South Nation
River Trading Program in Canada is managed by the watershed authority, i.e., South Nation
Conservation Association (SNCA) to offset point source phosphorus discharge from non-
point source (primarily farmers) BMPs (Figure A2-1). This program was driven by a zero-
phosphorus emission regulation from new or expanded WWTPs. It also resulted in cost-
savings compared with an on-site WWTP. The SNCA established a Clean Water Fund that
was run by a multi-stakeholder committee which contracted farmers to implement
agricultural BMPs that generated the nutrient credits (O’Grady, 2008). Point source
dischargers can purchase nutrient credits from the Clean Water Fund, and the SNCA oversees
negotiating trade with them. Sales revenue is used to replenish the fund. This scheme
implemented 269 phosphorus-reducing projects through the watershed’s Clean Water Fund
from 2000 to 2009 and reduced an estimated 11,000 kg of phosphorus loads.
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Another nutrient trading scheme developed for Chesapeake Bay catchments, USA, also used
a third-party provider (Figure A2-2). This scheme allows point source dischargers to seek
nutrient credits (both nitrogen and phosphorus) from both point and non-point sources, but
with a sequencing logic of credits from point source dischargers first which commences in the
same river basin. An association of point source dischargers facilitates the transfer of point
source credits. For non-point source nutrient credits, the point source discharger pays a per
unit nutrient discharge fee to the Virginia Water Quality Improvement Fund (WQIF)
administered by state agencies, but only when no point source credits are available. Fee
revenue from WQIF is used to sponsor point or nonpoint source reductions. There is also a
requirement that the nutrient offset credits must be generated from the same year as the
excess discharge was produced, thus, no credit banking is allowed. 

A few studies have shown that the use of a trusted third party for active engagement and
mediation with the agriculture industry was the main reason for the success of nutrient offset
programs in Canada and the US (Breetz et al., 2005; Shortle, 2012). 

Figure A2-1. Case study: Ontario South Nation River trading program in Canada.

Figure A2-2. Case study: Nutrient offset trading program in Virginia (Chesapeake Bay, USA)

Page 43



A more sophisticated nutrient offsetting approach involves a market-based nutrient credit
trading system, so credit buyers and sellers can negotiate amongst themselves, rather than
mostly relying on a third party to facilitate the trading. However, this approach requires a
well-developed nutrient credit calculation framework for non-point sources. The most
famous and active market-based nutrient credit trading program was developed in
Pennsylvania, Chesapeake Bay, USA (Figure A2-3) (Boleman and Jacobson, 2021). This
program is managed by the Pennsylvania Infrastructure Investment Authority and the
Pennsylvania Department of Environmental Protection (DEP). Both nitrogen and phosphorus
credits are traded between agricultural entities, WWTPs, and municipalities within the same
compliance year (October 1st to September 30th of each year). Pennsylvania DEP provides
Excel spreadsheets for estimating nitrogen and phosphorus credit generation for nutrient
credit calculations using best management practices and nutrient reduction activities
occurring for non-point sources. Agricultural producers from the catchment need to meet
specific baseline requirements before extra nutrient credits can be generated, including
meeting existing nutrient management and soil erosion control laws, manure and fertilizer
application limits, and maintaining a 35 ft. (10.7 m) minimum vegetation buffer between fields
in production and streams (Boleman and Jacobson, 2021). Additionally, all calculation
methodologies to determine credit generation must include 10% set aside for PDEP’s credit
reserve to address pollutant reduction failures and uncertainty. 

Figure A2-3. Case study: Pennsylvania nutrient credit trading program in Chesapeake Bay, USA
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A2.1.3 Nutrient offsets between non-point sources 

Nutrient offsetting can also include offsetting between non-point sources. Some case
studies explored the efficacy of this approach for catchments where non-point sources are
the dominant nutrient source dischargers. In these instances, one or both of the non-point
sources involved in the offset needs to be regulated (Selman et al., 2009). For example, Lake
Taupo catchment in New Zealand established the first agricultural non-point source water-
quality cap and trade scheme in the world (Figure A2-4) (Duhon et al., 2015). This scheme
caps discharges from farmers and foresters and allows trading amongst these participants
to achieve nutrient load reduction to Lake Taupo. The Lake Taupo Protection Trust was set
up, a public trust funded by local, regional, and national communities, to reduce the nitrogen
load by 20% via the purchase and conversion of land or the purchase of farmers’ nitrogen
allowances. Farmers can also sell allowances to the Trust while remaining within the overall
catchment cap. The nitrogen loads from farms were calculated using a nutrient budgeting
tool known as OVERSEER. Even though this scheme was only implemented a couple of
years ago at the time of publication of the paper (Duhon et al., 2015), there was evidence of
improved cost-effectiveness compared with traditional command-and-control approaches
in achieving environmental goals of a 20% nutrient load reduction to Lake Taupo (Duhon et
al., 2015). 

Figure A2-4. Case study: Lake Taupo nitrogen trading program in New Zealand.
 

Hasan et al. (2022) used a modelling approach to simulate a potential cap-and-trade scheme
between non-point sources for nitrogen loads in Limfjorden catchment, Denmark. Their study
showed that using a trading scheme to reduce the nitrogen load by 21% below the baseline at
Limfjorden could reduce costs by 56% compared to the traditional command-and-control
regulation (Hasan et al., 2022). There have also been studies exploring the use of mussel
farming to filter and trap nutrients from agricultural runoff. Their results showed that mussel
farming can be considerably cost-effective in nutrient reduction compared to the traditional
command-and-control regulation (Ferreira and Bricker, 2016; Gren et al., 2009). However,
mussels can also suffer mortality if catchment inputs have a high sediment load, so
background studies are needed on individual catchments to determine their effectiveness. 
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A2.1.4 Nutrient neutralizing for new activities in the catchment

Instead of using the term ‘nutrient offsets’, the term, ‘nutrient neutralizing’ has been
proposed in Europe. This involves the use of legislation or legislative proposals to improve
and protect water quality in the United Kingdom (UK) and some countries in Europe, such as
Sweden, Denmark, and Finland. Under the concept of ‘nutrient neutralizing’, any new
activity/project at the catchment needs to earn permission to conduct the activity/project
whilst demonstrating no increase in the release of nutrients into the environment, i.e.,
neutralizing its net impacts on water bodies by implementing some nutrient abatement
measures. For example, in order to neutralize the nutrient runoff during earth works from one
of the largest home construction companies in the UK (Taylor Wimpey), the effectiveness of a
constructed wetland outline design was assessed by a consultant. The firm responsible, i.e.,
RPS Group plc, also assessed and demonstrated that a large number of nutrient credits could
be generated by adapting the design of the wetlands and reedbeds to remove additional
phosphate (and nitrate) load from the river. These two functions can be designed to be
compatible (RPS group website on the 15th August 2022:
https://www.rpsgroup.com/services/environment/ecology/expertise/achieving-nutrient-
neutrality/).
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A2.2 Challenges for implementing nutrient offsetting

Even though nutrient offsetting can provide multiple potential benefits as mentioned in
previous sections, offsetting may not be applicable to all situations in every catchment. The
feasibility of applying nutrient offsetting to achieve nutrient load management goals might
need to be assessed for specific catchments considering the uncertainties related to non-
point source nutrient loads (Section 2.2.1), nutrient characteristics and loads differences
between nutrient sources and their impacts on ecosystem responses (Sections 2.2.2, 2.2.3,
and 2.2.4), catchment rehabilitation impacts (Sections 2.2.5 and 2.2.6), and the impacts of
nutrient offset projects with different spatial and time scales to waterways (Section 2.2.7),
e.g., local- vs catchment- scale impacts, and dry and wet weather impacts. 

It is clear from the literature review that there are a range of uncertainties that is a major
barrier limiting the implementation of nutrient offsetting, and its various variations globally
(Horan and Shortle, 2017). These uncertainties may include difficulty in accurately measuring
the nutrient load, lack of a mechanism to determine offset ratios between different nutrient
sources, insufficient data on the evaluation of the effectiveness and cost-effectiveness of
mitigation strategies, and lack of information on optimal sites for maximum nutrient
reduction in the catchment, etc. In this section, we will summarise what are those
uncertainties and provide some strategies to address these uncertainties. 

A2.2.1. Uncertainty of non-point source nutrient contribution and baseline establishment

Non-point source nutrient pollution within catchments, especially from agricultural land use,
has been found to be a key contributor to eutrophication worldwide in many catchments
(Diaz and Rosenberg, 2008; EPA, 2015), but, unlike point sources, non-point sources are
typically not regulated. One reason why limits do not exist for non-point sources is the lack of
quantitative information on the loads and proportion of nutrients contributed by non-point
sources within many catchments. There are few long-term monitoring studies with sufficient
temporal resolution to capture high river flow events when most of the nutrient loads travel
downstream from non-point sources. As a result, in the case of catchments that are
dominated by nutrient discharges from non-point sources, capping or limiting the point
source discharge is unlikely to achieve sufficient nutrient load reductions to result in
demonstratable improvements in water quality parameters linked to nutrient inputs. Similarly,
if non-point sources only contribute a small proportion to the nutrient loads within a
catchment, restoration of non-point source pollution may be inadequate to achieve a
significant water quality improvement (Gaylard, 2005). 

The quantification of nutrient loads from non-point sources is also critical to establish a
baseline for nutrient credit calculation for non-point sources via nutrient offsetting (Selman et
al., 2009). The identification of acceptable baselines from non-point sources has been an
unresolved issue for many catchments (Stephenson et al., 2010). This is because nutrient
loads from non-point sources are often not monitored as it can be logistically challenging
during high river flow events, and costly (King and Kuch, 2003; Srinivas et al., 2020). Non-
point source nutrient loads are generally estimated via modelling approaches, based on mass
balances with empirical equations for nutrient processes (Fu et al., 2019), or conversely based
on land use types and management practices that might change nutrient discharge (Hermoso
et al., 2015; Pantus et al., 2011). 
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Due to the lack of sufficient monitoring data to calibrate or validate models, there is a high
level of uncertainty regarding both the baseline output of nutrient discharges from non-point
sources, but also the efficiency of BMPs for nutrient discharge reductions. Applying general
models to specific catchments can also fail to represent local conditions (Wainger and King,
2007). Therefore, better monitoring design and robust catchment water quality models for
specific catchments are needed to provide more certainty in the benefits of offsetting.
In one example, non-point source discharges have been converted to measurable point
source discharges to reduce the uncertainty of pollution load estimation. In the California
Grassland Areas Program, technology for drainage water management in irrigation districts
was used to convert nonpoint emissions from farms into point source emissions that can be
more readily monitored and measured (Shortle, 2012). This site had issues with excessive
selenium impacting water quality and therefore a trading program was developed that
allowed the participating districts to meet district-specific selenium limits through trading. 

A2.2.2 Temporal and spatial variation of nutrient sources

Non-point source discharges from catchments are naturally stochastic as their discharge is
largely driven by climate conditions and dry/wet cycles (Pekárová et al., 2003; Romero et al.,
2013), thus may show more seasonal and interannual variation than point sources. This makes
it challenging to directly compare point- and non-point discharges. For example, Donohue et.
al. (2005) found that the extent of highly productive grasslands and urban areas in an Irish
catchment was positively correlated with nutrient loads, higher nutrient concentrations and
algal bloom risk during high flow in summer and autumn, not in spring and winter. There are
examples of nutrient offset projects failing (lack of trading) due to negligible non-point source
nutrient load generation during dry weather conditions, with nutrient generation only being
substantial in the wet season, hence limiting the ability to offset point sources (Morgan and
Wolverton, 2005). This highlights the need to reconcile wet vs. dry season inputs from point-
and nonpoint sources in any offsetting scheme.

In drought and flood-prone catchments, a single storm event may dominate nutrient loads
for a couple of years (Nash and Murdoch, 1997; Fleming and Cox, 2001; Drewry et al., 2006),
especially for catchments with intermittent rivers. Drying and rewetting cycles can
significantly increase the liberation of carbon, nitrogen, and phosphorus from soils into water
bodies (Baldwin and Mitchell, 2000). Other factors, such as land use types, soil types,
agricultural BMPs, wetlands, reservoirs, hydrologic connectivity, and hydrologic residence
time, can also significantly change the nutrient loads and composition of non-point source
discharges (Gelbrecht et al., 2005; Newcomer-Johnson et al., 2016; Hansen et al., 2018; Shi et
al., 2019 Lampman et al., 1999; Laznik et al., 1999; Sileika et al., 2006). 

Point source nutrient discharges, such as from WWTPs, show less temporal and spatial
variation in nutrient composition and loads than point sources (Wainger and King, 2007). The
relative contribution of point source nutrient load to the total nutrient load in receiving
waters can also be significantly affected by river flow conditions. Depending on the location,
there is also scope for point source discharge to be stored and released to maintain river flow
conditions during dry seasons (Bhargava, 1985) or to better mimic natural flow regimes of
streams in arid and semi-arid regions (Brown et al., 2011; Eppehimer et al., 2021). 
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A2.2.3. Determining appropriate environmental equivalence ratios between nutrient sources

Point source and non-point source nutrients enter waterways at different concentrations and
proportions of nutrient forms, which will be assimilated into the environment in different
ways. The frequency and location of discharge in the catchment will also vary. The impact of
point and non-point nutrient sources on water quality measures in receiving waters is,
therefore, unlikely to be directly comparable. Providing the scientific basis for determining
offset ratios between the two is a fundamental step to implementing a fair and transparent
nutrient offset program (Puzyreva et al., 2019). Some studies have used relatively high offset
ratios as a precautionary response, but they may also reduce the incentive for point-source
polluters to engage in offsetting because the scale of mitigation required is greater and
hence more expensive. It might be more cost-effective for point-source polluters to treat
waste on-site rather than trade with other polluters (King and Kuch, 2003). High offset ratios
have been shown to reduce the willingness of buyers to engage in trade (Horan and Shortle,
2017).

Commonly used nutrient offset ratios between point source to non-point sources have been
shown to range, for example, from 1.5:1 to 4:1 in the USA, with 2:1 commonly used to manage
uncertainties associated with cross-pollutant source offsetting (Hoag et al., 2017; Morgan
and Wolverton, 2005). However, according to our review, there is limited scientific evidence
to validate the ratios currently used, especially in terms of the aquatic ecosystem response to
different nutrient sources (environmental equivalency ratios).

In most cases, only TN and/or TP loads from individual sources are measured for calculating
nutrient ratios. However, it is well known that individual sources have fractions of different
forms of nitrogen and phosphorus that have differing effects on aquatic ecosystem health
(Gaylard, 2005). For example, discharge from WWTPs with tertiary treatment typically has a
higher proportion of dissolved inorganic nitrogen while catchment runoff has a higher
proportion of particulate nitrogen. Studies of the responses of marine and freshwater
microalgae, using algal bioassays, to sediments generated from catchment runoff identified
that specific forms of nitrogen, as well as the organic carbon to nitrogen ratios, best explained
the algal responses (Franklin et al., 2018; Garzon-Garcia et al., 2018a). This suggests that
nutrient availability is not just dictated by dissolved inorganic nutrient concentrations, but
bacterial mediation, where organic forms of nutrients become bioavailable to algae, may also
be important. Therefore, TN and TP loads are unlikely to be the most meaningful measures
for the comparison of point and non-point source discharge. 

Recent studies in small agricultural streams in Germany also indicated that the changes in
bioavailable carbon to reactive nutrient ratios may control nutrient assimilation by
heterotrophic bacteria (Graeber et al., 2021). Another study showed that the addition of labile
carbon to a eutrophic lake in Denmark changed the algae biomass and community structure
in a 20-day mesocosm experiment (Fonseca et al., 2022). 
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A2.2.4 Variation of ecosystem responses to nutrient loads

The variability of aquatic ecosystem responses can be affected by the assimilative capacity of
the aquatic ecosystem to different nutrient concentrations and loads, the contact time of
nutrients within each system, and the interaction of nutrients with other pollutants
(Farhadian et al., 2015). The assimilative capacity of an aquatic ecosystem can be interpreted
as the ability of aquatic ecosystems to process, dilute, and disperse pollutants without
unacceptable harm to the aquatic environment, such as the loss of biodiversity or the
degradation of environmental services (Butler et al., 2013; GESAMP, 1986). The assimilative
capacity can be assessed by monitoring, experimentation, and modelling approaches(Butler
et al., 2013; Peternel-Staggs et al., 2008). River and coastal water assimilative capacity is
often empirically defined in different regions, e.g., total maximum daily load (Landis, 2008) or
the annual pollution cap (maximum amount of a pollutant) applied in different catchments.
Both these measures only infer assimilative capacity, rather than directly measuring it. The
assimilative capacity has also been estimated by a range of threshold indicator values such as
chlorophyll-a concentrations, dissolved oxygen concentrations,
macrophyte/seagrass/mangrove extent and species presence, and nutrient processing rates,
such as nitrification and denitrification rates (Butler et al., 2013). These thresholds can be
estimated by testing scenarios via ecohydrological models (Butler et al., 2013; Wild-Allen et
al., 2011, 2010; Xu et al., 2016). 

Many studies have examined nutrient thresholds, where there is an abrupt system change in
water quality, or some other phenomenon (Groffman et al., 2006; Stevenson et al., 2012; Xu
et al., 2015). However, there has been an emphasis on lakes rather than the river and coastal
systems. For example, a TN threshold of 0.8 mg L-1 and TP threshold of 0.03–0.05 mg L-1
were identified for eutrophic Lake Taihu for cyanobacterial blooms (Xu et al., 2015) and from
the Ozark highlands ecoregion for nuisance filamentous green algae bloom in streams
(Stevenson et al., 2012). A higher threshold of 0.59–1.79 mg L-1 for TN and 0.03–0.28 mg L-1
for TP was identified for agriculture steams in the western US, based on a range of physical,
biological, and chemical factors (Black et al., 2011). According to the concept of alternative
stable states in ecosystems (Scheffer, 1990; Scheffer and Carpenter, 2003), aquatic
ecosystems under certain nutrient thresholds have better ecosystem health, e.g., low trophic
status, low disturbance, and high biodiversity, than that above the nutrient thresholds. They
may also have a higher tolerance/resistance and higher nutrient removal capacity to excess
nutrient input, as well as higher resilience in maintaining the current status than aquatic
ecosystems that have nutrient levels above the nutrient thresholds (Folke et al., 2004).
However, once the system has shifted to a new stable state with reduced ecosystem health,
the recovery to the previous state does not readily occur requiring a significant change in the
stress level (Bellwood et al., 2004; Scheffer and Carpenter, 2003).

Seasonal differences may affect the assimilative capacity. For example, outputs from water
quality modelling for Gallinas River, Mexico, indicated that dry and wet seasons resulted in
different nutrient load reduction rates for the same proportion of nutrient input increase in
the river from agriculture and industrial WWTP discharges (Villota-López et al., 2021). In the
model output, nitrate concentrations were three times higher in the dry season than the wet
season because the river could not assimilate less nitrate in the dry season compared to the
wet season. The findings were also similar in other river systems (Chiejine et al., 2014; Obin et
al., 2021; Torres-Bejarano et al., 2023) which showed that the dry season has lower river
assimilative capacity, and it is proposed that this is due to less mixing and dilution processes 
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compared to the wet season. This is despite the fact that the total nutrient loads from
catchments into rivers and coastal waters in wet seasons can be much higher than in dry
seasons (Cardoso-Mohedano et al., 2022; McPherson et al., 2005, 2002). Although the
impacts of nutrient inputs in the dry season may be greater closer to the source of nutrients,
the impacts of wet season inputs are likely to be greater further from the site of input, e.g.,
seagrass and coral reef loss (Fabricius et al., 2016; McCulloch et al., 2003). Therefore,
reconciling the location and scale of impacts of dry and wet season inputs on the
environmental equivalency ratio between nutrient sources is critical for effective nutrient
offsetting programs. 
 
The proportion of different nutrient forms and the interaction of nutrients with other
pollutants can also significantly change ecosystem responses to nutrient inputs from
catchments (Wagenhoff et al., 2011). Primary production in receiving waters can be limited by
either nitrogen or phosphorus individually or co-limited by both (Elser et al., 2007), so the
impacts of nitrogen on primary production may depend on phosphorus levels in receiving
waters that were co-limited by both nutrients (Guildford et al., 2022). The presence of fine
sediments from runoff events may counteract nutrient inputs and limit light availability to
primary producers (Wagenhoff et al., 2011)(Hunt et al., 2012). Additionally, the presence of fine
sediment combined with a small increase in nutrient input, as a second stressor, may lead to
significant river condition deterioration (Wagenhoff et al., 2011). 

Water residence time (pollutant contact time) can significantly affect nutrient transformation
and attenuation in receiving waters. Longer contact time of nutrients in the river system may
show either a positive or negative effect due to: 1) an increase in the capacity for removal of
nutrients in the river because of the longer contact time; and 2) a reduction in the dilution rate
of the nutrients from less mixing. Modelling of nutrient processing in rivers has shown that the
river assimilative capacity can be improved by up to 80% or even 97% by slowing down the
river flow rate, i.e., increasing the residence time (Farhadian et al., 2015; Hashemi Monfared et
al., 2017). However, this may come at the expense of ecosystem health in the river. Therefore,
for nutrient offsetting schemes it is important to be clear about whether the benefits should
be near the point of discharge or in vulnerable habitats further removed from the discharge
point.

A2.2.5. Uncertainty of catchment mitigation effectiveness and cost-efficiency 

Uncertainties related to calculating the credits from nutrient reduction have been listed as
one of the biggest challenges to implementing nutrient offsetting (Morgan and Wolverton,
2005). There are significant uncertainties and variability in the effectiveness of mitigation
strategies for nutrient removal for non-point sources. For example, catchment revegetation,
streambank rehabilitation and gully remediation, which may include engineering-based
mitigations (e.g., rock chute or check dam), can be more effective for reducing particulate
nutrients than dissolved nutrient reduction (Garzon-Garcia et al., 2019). In contrast, wetland
construction and some agricultural BMPs (e.g., fertilizer and irrigation management, stock
exclusion from the waterways), may be more effective for reducing dissolved nutrient delivery
into waterways. In this section, we review the nutrient and sediment reduction efficiencies
from a range of commonly used catchment mitigations and explore multiple confounding
factors that reduce their effectiveness. 
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Revegetation 
Hillslope and riparian buffer revegetation have frequently been used to reduce sediment and
nutrient delivery from catchment non-point sources. The scale of vegetation cover in riparian
areas, and the travel distance of on-site pollutants to the closest river channel are regarded
as the most critical factors to consider when estimating the sediment and nutrient delivery
ratio from catchments into waterways (Kinsey-Henderson et al., 2005). Catchment sediment
delivery ratios can vary dramatically from close to zero on floodplains (due to sediment
deposition) up to 0.7 in the uplands in the Murray Darling Basin, Australia (Lu et al., 2006),
meaning that 70% of the sediment in the uplands is transported to the water. 
Before sediment and nutrients reach the river channel, riparian vegetation can act as an
efficient buffer to trap sediment and particulate nutrients to prevent them from getting into
waterways (Mayer et al., 2007; Sweeney and Newbold, 2014). Studies have shown that it is
important to have continuous riparian buffers on both sides of the river to maximize the
benefits of protecting or improving water quality (Karssies and Prosser, 1999; Prosser and
Karssies, 2001). However, the riparian buffer is typically less effective at removing dissolved
nutrients as sediment-attached nutrients, especially in catchments, and at times when there
are large rainfall events (Dosskey et al., 2006; Karssies and Prosser, 1999). Studies have
shown that a vegetated buffer width of 30 m is capable of removing approximately 80% of
sediment attached nutrients and 68% of nitrate in the runoff, with the removal efficiency
varying from 40–99% for sediment and 20–95% for nitrate (Mayer et al., 2007; Sweeney and
Newbold, 2014). However, most studies have been conducted in climatic regions that do not
have large rainfall/flooding events. The effectiveness of riparian buffers in trapping nutrients
is likely to be substantially diminished during these events. As such, riparian buffers may be
less cost-effective than other means of remediation in these climatic regions. 

Sediment and nutrient reduction efficiencies from the riparian buffer also depend on a range
of catchment and sub-catchment-specific factors. This includes soil types, vegetation types,
vegetation root volume ratios in the riverbank, vegetation canopy management, river
discharge volumes (stream order) and intensity, slopes of the riparian buffer areas, land use,
and microclimates of the drainage area above the riparian buffer areas (Laceby et al., 2017;
Liu et al., 2008; Sweeney and Newbold, 2014). Site maintenance after revegetation, such as
weed control, watering, and replanting, can also be critical to improving the revegetation
success, and thus their effectiveness in nutrient and sediment removal. Further research on
these factors is needed to improve the certainty of estimating riparian buffer sediment and
nutrient removal efficiencies for specific catchments.

Riparian fencing for stock exclusion
Fencing off the riparian areas for stock exclusion can reduce the direct impact of these
animals grazing and trampling riparian vegetation, disturbance to the riverbank, and
deposition of animal faeces and urine into the water. A review by Grudzinski et al. (2020)
identified a positive impact of riparian fencing on river water quality in cattle-grazed land
with a buffer width >5–10 m. The greatest improvements were for fecal indicator bacteria and
sediment parameters, followed by nutrients. However, the effectiveness of riparian fencing
has been shown to vary dramatically (e.g., from 0–96% of water quality improvement for
different indicators, such as sediments, nutrients, and fecal indicator bacteria) across studies
and at different flow conditions (Kay et al., 2018; Sunohara et al., 2012). There is also a lack of
studies in semi-arid and tropical environments that have different runoff and flow
characteristics and greater erosion risks (Grudzinski et al., 2020). Therefore, a high level of
uncertainty remains on the effectiveness of riparian fencing in improving river water quality
(Muirhead, 2019).

Page 52



Gully remediation
Gullies in the landscape can be sites of considerable erosion during rainfall events resulting in
sediment and nutrients associated with sediment being transported into waterways. Gully
remediation may include stabilizing gully heads, walls, and floors via fencing off livestock,
revegetation, managing runoff, and/or engineering-based earthwork, etc. Bartley et al.
(2020) reviewed the magnitude and the timeframe over which sediment load reductions
occurred following the remediation of gullied landscapes globally. They found only a limited
number of studies (37 studies found worldwide) that quantitatively documented the
effectiveness of gully remediation efforts. Percentage sediment erosion reduction ranged
from 12–94%, and the timeframe to achieve this reduction varied considerably, i.e., from 2–80
years (Bartley et al., 2020). This is likely due to the variation in gully types, remediation
methods applied, and differences in hydrological conditions. They also showed that the
effectiveness of gully remediation for nutrient load reduction is not necessarily aligned with
sediment load reduction, especially for dissolved nutrients. Review studies also suggested
that longer timescale (e.g., semi-decadal to decadal) monitoring is needed to more accurately
determine the effectiveness of gully remediation on sediment and nutrient reductions
(Bartley et al., 2019; Doriean et al., 2021). 

It has been proposed that low-cost remediation strategies, such as runoff diversion, pasture
renovation, and livestock exclusion are typically less efficient at rapidly reducing gully erosion
compared to engineering-based remediation, however, in the long term, they are easier to
manage and maintain (Koci et al., 2021). Vegetation restoration in the drainage areas above
the gully head cut, which reduces hillslope runoff, can also be effective at controlling gully
expansion (Chen and Cai, 2006; Gomez et al., 2003). However, a high percentage (>60%) of
combined vegetation cover of trees and grasses in the drainage area, needs to be restored
and maintained to ensure that this vegetation remains an effective control mechanism (Li et
al., 2015).

Wetlands
Wetlands have been generally regarded as effective to remove nutrients from wastewaters
and provide additional services like stormwater retention to reduce the flooding and erosion
risk, carbon storage, and supporting biodiversity and recreation activities. A global review of
nutrient retention in restored streams and rivers which had some wetland
reconnection/construction showed that nitrate needs to travel an average of 10 times further
to be assimilated in degraded river systems than that in restored systems (Newcomer-
Johnson et al., 2016). Many studies have found that the nutrient removal efficiency of
wetlands can vary widely (ranging from negative values to close to 100%) (Land et al., 2016).
This is affected by a range of factors, including water temperature, the connectivity of
wetlands with waterways and water residence time (hydraulic conditions), inflow water
quality (e.g., turbidity and nutrient concentrations), wetland internal conditions (e.g., soil
carbon content, macrophyte coverage, and redox potentials), and post-construction
management for wetland vegetation and sediment (Adame et al., 2019; Hansen et al., 2018;
Jesus et al., 2018; Land et al., 2016). Wetlands are particularly effective at removing nitrate via
denitrification. Denitrification is the dominant permanent nitrogen removal process from
wetlands, which has often been found to be enhanced by higher nitrate concentration, higher
organic carbon supply, and appropriate redox conditions (Adame et al., 2019; Sirivedhin and
Gray, 2006). In contrast, ammonium, phosphate, and dissolved organic nitrogen can be
released from wetland sediments, depending on mineralization and nutrient desorption
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conditions (Kavehei et al., 2021; Roberts et al., 2021). Wetlands might also work as settling
pools for sediments, but the phosphorus loading reduction from wetlands might be
diminished over time with the accumulation of sediments and the development of hypoxia
that may result in internal phosphorus release (Oldenborg and Steinman, 2019). Wetlands
may even become a nutrient source during high flow events due to the flushing of
accumulated internal nutrient loads within the sediment (Fisher et al., 2004). Therefore,
wetland maintenance and management, including sediment dredging and maintaining
healthy vegetation, is critical to ensuring optimal wetland nutrient removal efficiencies.
Additionally, there is also a lack of evidence for long-term (e.g., >20 years) wetland
performance in the literature (Land et al., 2016). As such, understanding nutrient removal
processes and the development of complete nutrient budgets in a wider range of wetlands is
needed. 

Additionally, the cost of construction and maintenance has been a key concern to implement
wetlands as a mitigation. There are a few studies that investigated the cost-effectiveness of
applying wetlands to manage catchment nutrients via hypothetical scenarios. For example, a
catchment-scale analysis of re-establishing wetland buffer zones along rivers showed their
high cost-effectiveness as a mitigation to reduce non-point nutrient pollution from
agriculture in North-Eastern Poland (Jabłońska et al., 2020). Their findings showed that
hypothetically catchment-scale polygonal wetland buffer zones can remove 11%–30%
nitrogen and 14%–42% phosphorus load from the catchment, and 33%–82% nitrogen and
41%–87% phosphorus removed by linear wetland buffer zones with the cost comparable to
the costs of building 20 km of a major highway (Jabłońska et al., 2020). A cost-effectiveness
comparison analysis between semi-natural wetlands and activated sludge WWTP systems in
Italy showed that they are equally effective in their capacity to remove nutrients from the
wastewater, but overall semi-natural wetlands would improve the service cost related to
nutrient removal by 2-8 fold, compared to the activated sludge WWTP systems (Mannino et
al., 2008). However, this study also found that semi-natural wetlands can have higher
development costs, such as designing, planning, and implementation costs. In contrast, they
typically have significantly lower maintenance costs due to their relative self-regulating
systems, low artificial energy inputs and no waste disposal needs, compared to the activated
sludge WWTP systems (Mannino et al., 2008).

Agricultural and urban BMPs
Best management practices (BMPs) are another strategy for the reduction of pollution loads
from agricultural and urban areas. These are typically implemented by farmers in agricultural
areas, or local government authorities, in the case of urban areas. Agricultural BMPs may
include: recycling treated water for irrigation; controlling and reducing irrigation and fertilizer
use (nutrient management) activities; reducing soil erosion by ensuring constant crop cover
and crop rotation; using low fertilizer-use crops such as nitrogen fixers; no-till farming; and
constructing vegetated buffer strips and wetlands. The effectiveness of agricultural BMPs is
typically assessed using models as it is expensive and challenging to use monitoring programs
to test effectiveness. The ability of BMPs to reduce nutrient loss from the land depends on
many factors including the type of BPM being used, the timing of the BMP application, soil
infiltration rates for nutrients, and rainfall patterns (Lichtenberg, 2004; Qiu, 2013; Rittenburg
et al., 2015). There is a need to develop catchment-specific water quality models with
representative local conditions to provide better accuracy on the effectiveness of agriculture
BMPs.
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Urban BMPs can be used to treat stormwater runoff quality and quantity by applying a range
of practices. For example, bioretention systems can be used to reduce surface runoff, increase
groundwater recharge, and treat pollutants. Other examples include green roofs (vegetated
roof systems) to retain stormwater runoff; and the construction of wet and dry retention
ponds to settle sediments and retain stormwater (Dietz, 2007). Water-sensitive urban design
is a strategy that combines a range of approaches and can be integrated into urban planning
by designing more water-efficient urban environments with less impervious surfaces (Sharma
et al., 2016; Wong, 2006). It has the benefit of reducing water and nutrient losses from the
land. Despite the use of a range of these systems, there are few long-term studies that
quantify the effectiveness of urban BMPs in reducing nutrient losses over time (Liu et al.,
2017). As with all mitigation strategies, the effectiveness varies depending on factors such as
the design, local land use, and climate conditions (Ahiablame et al., 2012; Liu et al., 2017).
Reducing the uncertainties to better predict the effectiveness of both agricultural and urban
BMPs would also improve the load estimation from non-point sources in catchment water
quality models, and increase confidence in the use of these methods (Arabi et al., 2007).

A2.2.6. Lack of environmental assessment of offset applications 

There is a lack of sufficient monitoring data on the effectiveness of nutrient offsetting
(Angelopoulos et al., 2017; Brooks and Lake, 2007), with many studies relying on models that
may not be effectively calibrated or validated. The associated monitoring work is generally
costly, weather-dependent, and lacks historical data as a benchmark to compare the post-
mitigation results (Roni et al., 2008). Existing water quality monitoring programs in
catchments often lack the appropriate temporal and spatial scales for robust assessment of
impact and effectiveness. Additionally, this monitoring may not include dissolved and
particulate components. As a result, there may be a lack of confidence to invest in offsetting.
Mitigation and monitoring projects, therefore, need to be designed to be representative and
response sensitive to provide robust data on their effectiveness (Angelopoulos et al., 2017).
Selecting appropriate reference sites for monitoring projects or starting to monitor the
mitigation site before the mitigation is implemented can be critical to assessing the
effectiveness of mitigations. The use of the space-for-time concept (selecting appropriate
reference sites for data collection to represent the pre-mitigation data) for monitoring can be
useful when sampling cannot commence before mitigations are made (Laceby et al., 2017;
Pickett, 1989). 

In some conditions, due to the small contribution of an offset project to water quality
improvement in the degraded river systems, it may not be possible to measure the water
quality change directly (O’Mara et al., 2014). As a result, catchment water quality modelling
provides an alternative to assess the effectiveness of mitigations on water quality
improvement but relies on a robust catchment water quality model.
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A2.2.7 Identification of critical source areas for mitigation within catchments
To maximise the benefits of catchment restoration works, it is important to identify sites of
maximum benefits from restoration in the landscape. Catchment non-point nutrient loads can
be generated from a range of processes, including riverbank, gully, and hillslope erosion, as
well as agricultural activities such as fertilizing and tilling. For example, nitrogen loads delivered
to the Gulf of Mexico, were greatest from corn and soybean cultivation, whilst phosphorus
loads were greatest from animal manure (Alexander et al., 2008). In Australia, cultivated
agriculture is typically less intensive, so gully and riverbank erosion are a more important
contributor to nutrient loss from catchments (Olley et al., 1996; Wasson et al., 1998).
Differences in soil type may also significantly affect the sediment and nutrient generation for
the same nutrient source (Garzon-Garcia et al., 2018a). Therefore, prioritizing critical source
areas for implementing management actions is needed to achieve catchment scale nutrient
load reduction goals. 

Remediation of hotspots where more than one pollutant can be tackled, e.g., sediment and
nutrient, should also take higher priority than single-pollutant type hotspots, due to the
interaction between pollutants. For example, in New Zealand streams, dissolved inorganic
nutrient impacts have been shown to interact with fine sediment to result in larger changes in
macroinvertebrate communities compared with a single-pollutant type (Wagenhoff et al.,
2011). Focussing on both pollutants at the same time may also achieve the best outcomes for
water quality improvement in aquatic ecosystems (Townsend et al., 2008; Wagenhoff et al.,
2011). However, most offset programs only target one objective, such as nitrogen, phosphorus,
or sediment.

A2.2.8 The importance of scale for nutrient offset projects

As outlined above, determining nutrient equivalency between nutrient sources is an important
concept, but clarity around where the ecosystem health benefits from offsetting should be is
also important. Mitigation activities to remediate areas of a catchment often do not occur at
the site of point-source nutrient inputs. Some authors suggest that the same nutrient load
reduction from mitigation sites that are closer to the problem zone may be more valuable to
offset the point source nutrient discharge than when sites are further away from the zone
(Hall, 2012). To offset the point source discharge, most nutrient offsetting projects require that
non-point source nutrient abatements must be implemented from the upper stream of the
point source discharge site. Additionally, the offset ratio between point and non-point sources
is typically larger than 1:1 due to the non-point nutrient attenuation during transport from
catchments to waterways. However, this location selection should consider whether this is the
priority zone for remediation. In one example, the Dixie Drain Phosphorus Removal Facility in
the City of Boise, Idaho, USA, was located downstream of municipal WWTPs is providing more
environmental benefits to the entire catchment, including sediment reduction, improved fish
and aquatic life habitat and river aesthetics, compared with an upstream site (EPA, 2022).
Therefore, it is important to have clarity on what ecosystem health benefits should be
achieved from the nutrient offsetting projects.
Studies vary in whether the benefits are upstream, near the site of point-source discharge or
at the end of the catchment, i.e., river mouth, or in adjacent coastal waters. Depending on the
distance between the location of source nutrient inputs and where ecosystem health
improvements are needed, an understanding of the transformation and attenuation of
nutrients as they are transported downstream is needed. Additionally, the ecosystem response
of different waterways to nutrients also needs to be understood. 
Nutrient offsetting programs can be set up for one or multiple catchments. Having a larger
spatial scale for the offsetting market could increase the economic benefits due to more
potential participants. The trade-off may be a decreased localized environmental benefit due
to the uneven scales of trading across catchments (Hasan et al., 2022).
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A2.3 Lessons learnt from international projects on nutrient offsetting

In addition to the bio-physical knowledge gaps outlined above (Sections 2.1 and 2.2), another
challenge for nutrient offsetting programs can be a lack of participants (buyers and sellers).
This is due to a range of reasons including: uncertainty about trading rules; trust and
communication barriers; legal and regulatory obstacles to trading; the lack of adequate
regulatory drivers for point source polluters; cheaper alternatives for point source polluters to
meet regulatory requirements; and lack of motivation from sellers, e.g., insufficient revenue
raised for taking agriculture BMPs (Morgan and Wolverton, 2005; Shortle, 2012). It is clear
from the international literature that trading rules should also be clearly established before
implementing nutrient offset projects. Trading rules should be designed to facilitate trading
but also assure that water quality goals will be achieved. Complex and costly rules can create
barriers to trading activities. 

The motivation of buyers and sellers can be improved by tightening the policy/regulation
and/or adjusting the offset ratios or the credit price. This includes strict nutrient discharge
limits from regulation authorities as incentives for polluters to seek alternative options for
pollution control. However, regulators should address the feasibility of an enforceable cap in a
catchment to achieve the water quality goal, as well as consider the fairness in allocating
nutrient reduction requirements among different sources, e.g., point and non-point sources
(Filippelli et al., 2022). Active engagement and mediation from a third party that can facilitate
offsetting projects can also significantly improve the participation of non-point polluters,
such as farmers (Breetz et al., 2005). 

The high compliance and transaction costs have been shown to outweigh the gains from
trade to participants in some areas, leading to low market activity (fewer participants) and low
efficiency of the market scheme (Kostel and Monchak, 2014; Stavins, 1995). Standardized
tools, transparent processes, and online registries can be applied to minimize transaction
costs. The use of third-party credit verification, aggregation, or audit service providers may
add value to market-based programs without being overly burdensome or cost prohibitive to
participants. Additionally, extra funding from different organizations, e.g., state governments,
local governments, NGOs, and corporate sponsorship to support up-front investments in
reducing transaction costs can also reduce the risk of project failure (Stephenson et al., 2010).
For example, extra funding would permit examination of site-specific heterogeneity in
delivery of nutrients and effectiveness of BMPs, rather than the buyers taking on this
responsibility. 

There can also be institutional impediments including problems establishing acceptable rules
and units of exchange, methods of assigning trade risks, or monitoring or enforcement
capabilities (King and Kuch, 2003). A well-designed nutrient offset market can help solve
some of these issues (Shortle, 2012).
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