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Agricultural land management practice adoption
methods

This report summarises the development of revised management practice benchmarks for
the Reef 2050 Water Quality Improvement Plan (Reef 2050 WQIP)(Australian and Queensland
governments 2018) and how progr ess t 208hdanddandcatehmgndt a n & s
manage ment target for adoption of best practice is assessed. The target for adoption of
agricultural best management practice is:

1 90% of land in priority areas under grazing, horticulture, bananas, sugarcane and
other b road -acre cropping are managed using best management practice systems
for water quality outcomes (soil, nutrient and pesticides).

Each year significant investment is directed towards the adoption of best practice farm
management systems with the ai m t outmena mdvagettshe Reef 2
and improve the quality of the water flowing into the Great Barrier Reef.

The effectiveness of these investments  ismonitored and reported on by the Paddock to Reef
Integrated Monitoring, Modelling and Reporting program (Paddock to Reef  program) .

The Agricultural land management practice adoption program component of the Paddock
to Reef program measures progress towards Reef 2050 WQIP targets for the adoption of
agricultural best management practices . It also provides data to the  Catchment loads
modelling program so the impact of the investment on water quality can be estimated.

Water quality risk frameworks

In the context of the management practice adoption target, best management practices

for water quality outcomes are defined in Paddock to Reef program water quality risk
frameworks for each major agricultural industry. These frameworks identify the farm
management practices with the greatest potential to influence off -farm water quality . They
specify a reasonable best practice level which can be expected to result in a moderate -low

water quality risk.

For grazing systems, the water quality risk framework describes practices impacting upon

land condition, soil erosion (pasture 0 hillslope, streambank and gully) and water quality. For

sugarcane, horticulture , bananas and grains, the framework details management practices

and systems for managing nutrients, pesticides and soils. Gathering this information across

the | andscape helps to prioritise areas which need gr
manageme nt practices.

Practices in the water quality risk frameworks are described in terms of their relative water

quality risk, which range from lowto high. The ©6best apnrda cotmicnedmu m lewdisandar d 6
are typically the level stargeted by Reef 2050 WQIP in vestments. These levels generally align

withthe & hove industry standard dand 6nidustry standard dlevels described in industry Best

Management Practice ( BMP) programs (see Table 1) .

Industry -led BMP programs provide whole -of-business approaches to identifying potential
farm management improvements across many areas, for example land management,
energy efficiency, animal welfare, biosecurity, and occupational health and safety. Whilst


https://www.reefplan.qld.gov.au/measuring-success/paddock-to-reef/management-practices/
https://www.reefplan.qld.gov.au/measuring-success/paddock-to-reef/management-practices/

the industry programs include practices relevant to water quality

risk and stewardship, this is

not their only focus. The water quality risk frameworks employed by the Paddock to Reef

program describe

Table 1: Reef 2050 WQIP water quality risk frameworks alignment with industry

(generalised)

only the farm practices that influence off

-farm water quality.

BMP programs

Terminology

Practice standard

Water quality

risk framework risk

Moderate -low

Moderate risk

(generalised)
(typically aligns
with moderate
low risk but in

some instances

risk state)

Best practice Minimum
standard
Industry BMP Above industry Industry
programs standard standard

aligns with lowest

Importantly:
1 The suites of practices relevant to each pollutant are described in the water quality
risk frameworks . Not all of the practices in the production system are described; only
those practices with the greatest potential  to influe nce off -farm water quality risk, i.e.

through reducing the movement of sediments, nutrients or pesticides off

-farm.

1 The majority of these practices also present productivity and/or profitability
enhancements.
1 Not all practices are equal. The frameworks al locate a percentage weighting to

each practice depending upon its relative potential influence on off

quality.

Reef 2050 WQIP adoption benchmarks

-farm water

Farm management practice adoption estimates were reviewed during 2016 and 2017 to

establish realist ic management practice adoption benc

align with the updated water quality risk frameworks. The benchmark is regarded as a point
Progress toward the Reef 2050 WQIP
targets is measured from the commencement of the 2016

in-time assessment, nominally set as 30 June 2016.

hmarks in each sector, and also to

-2017 year .

Paddock to Reef program management practice and management system benchmarks

have been developed for each agricultural industry sector and

each region. Annual progress towa
from these benchmarks.

benchmarks for many reasons (see  Table 2).

for all catchments within

rds the Reef 2050 WQIP target for adoption is measured
There are varying levels of uncertainty or confidence in these


https://www.reefplan.qld.gov.au/measuring-success/paddock-to-reef/management-practices/
https://www.reefplan.qld.gov.au/measuring-success/paddock-to-reef/management-practices/

Table 2: Summary of data sources and uncertainty around management system benchmarks

developed for the Reef 2050 WQIP

Grazing 1 Grazier 1:1 Surveys | Moderate o low | Relatively small proportion of the
2013-2016 overall large population is
1 Previous reporting represented in the datasets.
to Paddock to
Reef program Inability to describe land
(P2R) condition (as a consequence of
1 Grazing Best management) across the
Management landscape.
Practice (BMP)
(aggregated,
anonymous)
Horticulture 1 Hort360 BMP Moderate Very good industry
1 Industry experts representation ; however , lack of
alternative lines of evidence for
cross checking.
Bananas 1 Previous reporting Moderate &low | No discrete fit -for-purpose
to P2R datasets available for some key
1 Industry experts practices, heavy reliance on
1 Industry surveys sometimes divergent expert
1 Research, experience.
development and
extension projects
Sugarcane 1 Previous reporting Moderate 0 high | Several different large and
to P2R representative datasets
1 Compliance providing evidence for most
reporting ( Reef practices in most catchments.
protection However, benchmarks for some
legislation) practices are based on expert
1 Smartcane BMP opinion (as no data sources
(anonymous, exist).
aggregated)
1 Industry surveys
1 Soil analyses
trends
1 Industry experts
1 Confidential
commercial data
Broad -acre 1  Previous reporting Moderate No discrete fit -for-purpose
cropping to P2R datasets available for some
(Grains) 1 Industry experts practices.
1 Grains BMP Expert experience sometimes
(anonymous, divergent on some practices.
aggregated)




Assessing progress towards the Reef 2050 WQIP target

Agricultural management practice adoption benchmarks for each of the management
practices , for each agricultural industry, every region and every catchment are reviewed
every five years. Annual change sfrom the benchmark are  based on management practice
data reported each year. Organisations delivering Reef 2050 WQIP programs collect spatial
and management practice adoption data throughout the year and provide itto a central
repository to generate the d ataset of improved adoption. For the purpose of describing
industry status and progress towards the practice adoption target, best management

practice is defined as the  total area managed under low and moderate -low risk levels in
each catchment

Practices collated by NRM
23 I \ Region

veTSeR——

Management Systems

.......

Practices for each river basin

e ' i P Site-specific
[0 —EEemee 0 management practice
o improvements reported
during 2016 -2017, 2017-

2016 benchmark/s

ApPrevalence of individual
practices established during
2017.

APractices collated to
describe adoption of best

practice management
systems.

2018 and 2018 -2019

AFinancial incentives (cash
grants, reverse tenders).

ACapacity -building extension
programs and on -farm trials.

AConsulting and mentoring
approaches through the
private and public sector.

ARemediation of severe
erosion features.

Alndustry training programs.

ARegulatory education and
enforcement activities by
the Queensland Department
of Environment and Science.

Revised annual benchmarkd
for management practices
and systems current as at
end of 20182019

Aincreased prevalence of
individual practices.

Aincreased area under best
practice management
systems.

Figure 1: The process for monitoring baselines and management practice improvements and

benchmarks .

Evidence of management practice change

Adoption of improved practices and best management practice systems is monitored over

time. Organisations that receive Australian and Queensland government
the adoption of best management practice are required to report the impacts of th

funding to increas e

eir

programs and projects as per the relevant industry water quality risk framework. The
6intervent i oandadsessad ptloaugh ¢hd se programs and projects (see Table 3) for

the Reef Water Quality Report Card

2019 include:

1 financial incentives (direct grants and tenders)

1 capacity -building extension programs and on  -farm trials



1 consulting and mentoring approache s through the private and public sector
1 remediation of severe erosion features
1 industry training programs

1 regulatory education and enforcement activities by the Queensland Department of
Environment and Science (DES) .

Organisations must provide accurate spa  tial data and farm management attributes

according to a schema provided by the Paddock to Reef program. The management

practice attributeteimcénudenti obé&feaseesthanent and an 6
interventiond assessment itelshave chadgeddas aresuleofthewhi ch pract
intervention. In this way, an adoption profile is created and maintained for specific land

parcels. These data are subject to strict privacy limitations (according to the  Information

Privacy Act 2009 ) and are not provi ded to anyone for any purpose other than modelling

estimated water quality improvements. Access to these data is restricted to a team of four in

the Queensland Department of Agriculture  and Fisheries(DAF).

The limitations with this approach are:

1 Management change is identified where and when it is reported to have occurred.
This relies on delivery organisations sensibly and appropriately reporting on their
activities and the impacts of those activities. The Paddock to Reef program describes
and re ports on the impacts of change for which there is re asonable and sensible
justification. It is important to note , however , that in most cases it is not possible for the
Paddock to Reef program to verify that reported improvements have occurred
and/or the t rue extent to which they have oc curred. This has resulted in instances of
overstatement of adoption in previous years.

1 Management improvements that occur without the intervention of third party
delivery o rganisations are rarely detected as there are noind  ustry-wide mechanisms
for capturing or reporting management practice change. There is likely to be a
degree of underestimation of improvements for this reason. The five -year benchmarks
endeavour to capture management state on this broader scale but the in tervening
periods are reliant on  reported changes.

1 Any regression of practices (i.e. adopting practices that increase water quality risk) is
difficult to detect as these are unlikely to be reported. However, the approach can
appropriately reflect regression  if necessary. For this reason, itis possible that the
degree of adoption at a catchment scale may be overstated .



Delivery organisations
provide annual
evidence of impact to
the Paddock to Reef
program, in the form
of GIS data and
detailed

manageme nt
practice data (as
coded responses to
guestions based on
the water quality risk
frameworks).

A sugarcane farm is
reported at the lowest
risk management state
for nitrogen fertiliser use
in 2015-2016.

The same sugarcane
farm is reported at the
highest risk
management state for
nitrogen fertiliser in
2016-2017.

Identifying spatial and
temporal conflicts is
essential to ensure that
impacts are sensible
and not captured more
than once.

The data is reviewed

on a site -by -site basis

to provide assurance

that reporting towards

adoption targets and

modelled pollutant

load reductions is

sensible. This review

includes:

1 identifying data
handling errors

1 checking that the
nature of the
intervention aligns
with the reported
impact

1 checking that the
degree of impact
(farm
management
change) is sensible
and realistic,
including checking
that the reported
impacts
correspond with
other independent
lines of evidence
available to the
Paddock to Reef
program

1 checking that
individual sites and
impacts on those

10



sites have not
previously been
reported to the
Paddock to Reef
program and
included in
estimates of
progress towards
the Reef 2050
WQIP targets.

For every site (usually
a paddock or farm)
the management
regime and how it is
has changed is
aligned to modelling
simulations which best
represent that

Before simulation [BpCfCf

: : management (as
After simulation BpBfCf

] ) HA

| ’ O6befored and
7 = simulations). The
example (left) codifies
the trash
management,
machinery traffic and
tillage regime, nutrien t
rates and timing, and
weed management
on a sugarcane farm.
Data provided
annually to Paddock
to Reef catchment
modelling constitutes
layers that describe
change in this way for
many hundreds of
individual sites.

s The management
practice and
. management  system
baselines for each
: catchment and

: | I Natural Resource
e asw owes s Management (NRM)
region are adjusted
annually to reflect the

areas validated in the
above steps.

Nutrient Management System

11



Reef Water Quality
Report Card s contain
data aggregated up

to represent estimates
of area under
management systems,
at the scale of NRM
regions.

Figure 2: The broad process for evaluating impacts reported by organisations through the Reef 2050
WQIP.
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Table 3: Program and project investments reviewed for Reef Water Quality Report Card 201 9

Total reported spatial extent of
practice _change reviewed for Reef

Water Quality Report Card 2019

Revamp game changing farm management practices

NRM region Catchment Commaodity Program (hectares of land or kilometres of
stream)
2018-2019
Cape York Normanby Bananas Australian Government Reef Trust Ill: Reef Alliar@esowing a 146ha
Great Barrier Reef
Grazing Australian Government Reef Trust Phase II: Fifty percent 332ha
reduction in gully erosion from higpriority subcatchments in
the Normanby
Australian Government Reef Trust Phase IV: Laura Gullies 7,770ha
Project, fix up and skills for the future
Wet Tropics Barron Bananas Australian Government Reef Trust lll: Reef Alliar@eowing a 13ha
Great Barrier Reef
Grains Australian Government Reef Trust Ill: Reef Alliar@sowing a 388ha
Great Barrier Reef
Sugarcane Australian Government Reef Trust Phase lll: Project Catalys 384ha
Revamp game changing farm management practices
Australian Government Reef Trust Ill: Reef Alliar@esowing a 1,695ha
Great Barrier Reef
Australian Government Reef TrustgWReverse Tender 376ha
Daintree Sugarcane Australian Government Reef Trust Phase lll: Project Catalys 1lha
Revamp gamechanging farm management practices
Australian Government Reef Trust lll: Reef Alliar@eowing a 586ha
Great Barrier Reef
Herbert Grazing Australian Government Reef Trust Phase IV: Improving Reef 8,763ha
Water Quality through Herbert River Catchmamid Gully
Sugarcane Australian Government Reef Trust Phase Ill: Project Catalys 5,584ha

13



NRM region

Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Australian Government Reef Trust Ill; Reef Alliar@eowing a 29,608ha
Great Barrier Reef
Australian Government Reef TrustgWReverse Tender 2,183ha
Queensland Government DAF Extension 9ha
Queensland Government DES Reef compliance program 823ha
Johnstone Bananas Australian Government Reef Trust Ill: Reef Alliar@sowing a 473ha
GreatBarrier Reef
Sugarcane Australian Government Reef Trust Phase lll: Project Catalys 1,658ha
Revamp game changing farm management practices
Australian Government Reef Trust lll: Reef Alliar@sowing a 14,976ha
Great Barrier Reef
Australian Government Reef TrustgWReverse Tender 1,414ha
Queensland GovernmentProtecting our Chemicals for the 353ha
Future and Cane to Creek
Queensland Government DES Reef compliance program 685ha
Queensland Government Smartcane BMP 684ha
Mossman Sugarcane Australian Government Reef Trust Phase IlI: Project Catalys 2,089%ha
Revamp game changing farm management practices
Australian Government Reef Trust lll: Reef Alliar@eowing a 5,134ha
Great Barrier Reef
Queenslandsovernment DES Reef compliance program 283ha
Queensland Government Smartcane BMP 220ha
MulgraveRussell | Sugarcane Australian Government Reef Trust Ill: Reef Alliar@sowing a 6,763ha
Great Barrier Reef
Australian Government Reef TrustgWReverse Tender 606ha
Queensland Government DAF Extension 339%ha

14



Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

NRM region Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Queensland GovernmentProtecting our Chemicals for the 59ha
Future and Cane to Creek
Queensland Government DES Reef compliance program 699%ha
Queensland Government SmartcaB&P 63ha
Murray Sugarcane Australian Government Reef Trust Phase lll: Project Catalys 345ha
Revamp game changing farm management practices
Australian Government Reef Trust Ill: Reef Alliar@esowing a 4,419ha
Great Barrier Reef
AustralianGovernment Reef Trust B/Reverse Tender 1,175ha
Queensland Government DAF Extension 643ha
Queensland Government DES Reef compliance program 68ha
Queensland Government Smartcane BMP 26ha
Tully Bananas Australian Government Reef Trust Reef Alliance Growing a 229ha
Great Barrier Reef
Sugarcane Australian Government Reef Trust Phase Ill: Project Catalys 3,358ha
Revamp game changing farm management practices
Australian Government Reef Trust Ill: Reef Alliar@sowing a 10,911ha
GreatBarrier Reef
Australian Government Reef TrustgWReverse Tender 1,699%ha
Queensland GovernmentProtecting our Chemicals for the 2,473ha
Future and Cane to Creek
Queensland Government Smartcane BMP 1,385ha
Burdekin Black Grazing Augralian Government Reef Trust lll: Reef Alliar&rowing a 418ha

Great Barrier Reef

15



NRM region

Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Bowen Grazing Augdralian Government Reef Trust Phase II; Point Source 105ha
Sediment Management in the Burdekin Dry Tropics NRM Re
- Bowen Bogie
Augralian Government Reef Trust lll: Reef Allian&rowing a 16,55%a
Great Barrier Reef
Audralian Government Reef Trust Ill: Reef Allian€rowing a 8.1km
Great Barrier Reef
Audralian Government Reef Trust Phase IV: Stomping out 86%a
Sediment in the Burdekinlivestock impact for gully
remediation
Queenslandsovernment Burdekin Major Integrated Project 6,15%a
QueenslandGovernment DAF Extension 37,91ha
Don Grazing Audralian Government Reef Trust Ill: Reef Allian€rowing a 32,51da
Great Barrier Reef
Audralian Government Reef Trust Ill: Reef Allian€rowing a 35.4km
Great Barrier Reef
QueenslandGovernment DAF Extension 20,53%a
Horticulture QueenslandGovernment Hort360 GBR BMP 71ha
Haughton Grazing Audralian Government Reef Trust Phase I: Promotion -alass 12%a
Grazing
Augdralian Government Reef Trust lll: Reef Allian&rowing a 4,03%ha
Great Barrier Reef
Augdralian Government Reef Trust Ill: Reef Allian€&rowing a 8.4km
Great Barrier Reef
Sugarcane Augralian Government Reef Trust lll: Reef Alliar&rowing a 3,49(a
Great Barrier Reef
Augralian Government Reef Trust B/Reverse Tender 4,806ha

16



NRM region

Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
QueenslandGovernment Engaging Burdekin Sugarcane 147ha
Farmers for Improved Water Quality Outcomes
QueenslandGovernment RP16Complete Nutrient 2,72'ha
Management Planning for Cane Farming
Lower Burdekin | Grazing Audralian Government Reef Trust Phase I: Promotion -alass 4,82ha
Grazing
Lower Burdekin | Grazing Audralian Government Reef Trust Phase II: Point Source 538ha
Sediment Management in the Burdekin Dry Tropics NRM reg
- East Burdekin
Audralian Government Reef Trust Ill: Reef Allian€rowing a 14,99%a
Great Barrier Reef
Audralian Government Reef Trust Ill: Reef Allian€rowing a 55.2km
Great Barrier Reef
Augralian Government Reef Trust Phase IV: Gully restoratior] 56ha
priority reaches to improve water quality on theeat Barrier
Reef- Lower Burdekin (Greening Australia)
Audralian Government Reef Trust Phase IV: Stomping out 21ha
Sediment in the Burdekinlivestock impact for gully
remediation
QueenslandGovernment Burdekin Major Integrated Project 18Zha
QueenslandGovernment Innovative gully remediation 52ha
(Greening Australia)erosion management plan and
operational works on Strathalbyn Station.
QueenslandGovernment DAF Extension 24,22%a
Horticulture QueenslandGovernment Hort360 GBR BMP lha
Sugarcane QueenslandGovernment DES Reef compliance program 3,566ha
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Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

NRM region Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Augdralian Government Reef Trust lll; Reef Alliar€rowing a 4,30&ha
Great Barrier Reef
Augdralian Government Reef Trust B/Reverse Tender 4,458a
QueenslandGovernment Engaging Burdekin Sugarcane 24ha
Farmers for Improved Water Quality Outcomes
QueenslandGovernment RP16Complete Nutrient 1,626ha
Management Planning for Cane Farming
Suttor Grains Audralian Government Reef Trust Ill: Reef Allian€rowing a 5,62%a
Great Barrier Reef
Grazing Audralian Government Reef Trust Ill: Reef Allian€&rowing a 57,106ha
Great Barrier Reef
Augralian Government Reef Trust lll: Reef Alliarn&rowing a 9.3km
Great Barrier Reef
QueenslandGovernment DAF Extension 139,66%a
Upper Burdekin Grazing Audralian Government Reef Trust Phase I: Promotion -alass 1,765a
Grazing
Augdralian Government Reef Trust lll: Reef Allian&rowing a 133,08ha
Great Barrier Reef
Audralian Government Reef Trust Ill: Reef Allian€rowing a 94km
Great Barrier Reef
QueenslandGovernment DAF Extension 228,62%a
Mackay Whitsundayl h Q/ 2 y y St { Grazing Australian Government Reef Trust Phase Ill: Mackay Whitsu 1,464ha
Isaac Sustainable Agriculture
Queensland Government DAF Extension 107ha
Sugarcane Australian Government Reef Trust Phase Ill: Mackay Whitsu 11,676ha

Isaac Sustainabl&griculture
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Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

NRM region Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Queensland GovernmenDelivering tailored solutions to 3,143ha
Mackay Whitsunday growers to improve nutrient manageme
Queensland Government Smartcane BMP 846ha
Pioneer Sugarcane Australian Government Reef Trust PhiseMackay Whitsunday 7,03%ha
Isaac Sustainable Agriculture
Queensland GovernmenDelivering tailored solutions to 1,862ha
Mackay Whitsunday growers to improve nutrient manageme
Queensland Government DES Reef compliance program 576ha
Queensland Government Smartcane BMP 397ha
Plane Sugarcane Australian Government Reef Trust Phase Ill: Mackay Whitsu 11,88%ha
Isaac Sustainable Agriculture
Queensland GovernmenDelivering tailored solutions to 2,819ha
Mackay Whitsunday growers improve nutrient management
Queensland Government DES Reef compliance program 292ha
Queensland Government DAF Extension 2ha
Proserpine Sugarcane Queensland Government DES Reef compliance program 111ha
Queensland Government SmartcaB®P 314ha
Australian Government Reef Trust Phase Ill: Mackay Whitsu 23,656ha
Isaac Sustainable Agriculture
Grazing Australian Government Reef Trust Phase Ill: Mackay Whitsu 514ha
Isaac Sustainable Agriculture
Fitzroy Calliope Grazing Queensland Government DAF Extension 579%ha
Comet Grains Australian Government Reef Trust Ill: Reef Alliar@sowing a 12,746ha

Great Barrier Reef
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NRM region

Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Grazing Australian Government Reef Trust Ill; Reef Alliar@eowing a 4,258ha
Great Barrier Reef
Queensland Government DAF Extension 16,593ha
Dawson Grains Australian Government Reef Trust Ill: Reef Alliar@esowing a 18,987ha
Great Barrier Reef
Grazing Australian Government Reef Trust Ill: Reef Alliar@sowing a 49,813ha
Great BarrieReef
Australian Government Reef Trust Ill: Reef Alliar@eowing a 138.4km
Great Barrier Reef
Queensland Government DAF Extension 33,349ha
Isaac Grains Australian Government Reef Trust lll: Reef Alliar@sowing a 5,125ha
Great Barrier Reef
Grazing Australian Government Reef Trust Phase Il: Gully Remediati 26ha
the Fitzroy by Revegetation and Grazing Land Management
Australian Government Reef Trust lll: Reef Alliar@eowing a 18,330ha
Great Barrier Reef
AustralianGovernment Reef Trust Ill: Reef Allian€rowing a 7.6km
Great Barrier Reef
Queensland Government DAF Extension 18,781ha
Lower Fitzroy Grazing Australian Government Reef Trust Phase Il: Gully Remediati 336ha
the Fitzroy by Revegetation and Grazirajmd Management
Australian Government Reef Trust Phase Il: Gully Remediati 1.7km
the Fitzroy by Revegetation and Grazing Land Management
Australian Government Reef Trust Ill: Reef Alliar@esowing a 7,847ha
Great Barrier Reef
Australian Government Reef Trust Ill: Reef Alliar@sowing a 21km

Great Barrier Reef
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NRM region

Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Australian Government Reef Trust Phase IV: F11 Fitzrey suf 130ha
catchment gully and stream bank erosion control program
Queensland Government DAF Extension 4,429%ha
Horticulture Queensland GovernmentHort360 GBR BMP 64ha
Mackenzie Grains Australian Government Reef Trust lll: Reef Alliar@eowing a 3,086ha
Great Barrier Reef
Grazing Australian Government Reef Trust Phase II: Gully Remediati 1,459ha
the Fitzroy by Revegetation and Grazing Land Management
Australian Government Reef Trust Phase II: Gully Remediati 4km
the Fitzroy by Revegetation and Grazing Land Management
Australian Government Reef Trust Ill: Reef Alliar@esowing a 11,611ha
Great Barrier Reef
Australian Government Reef Trust lll: Reef Alliar@eowing a 24km
Great Barrier Reef
Queensland Government DAF Extension 30,349ha
Nogoa Grains Australian Government Reef Trust Ill: Reef Alliar@eowinga 16,454ha
Great Barrier Reef
Grazing Australian Government Reef Trust Ill: Reef Alliar@sowing a 5,512ha
Great Barrier Reef
Australian Government Reef Trust lll: Reef Alliar@eowing a 3km
Great Barrier Reef
Nogoa Grazing Queenslandsovernment DAF Extension 27,698ha
Styx Grazing Australian Government Reef Trust Phase II: Gully Remediati 74ha
the Fitzroy by Revegetation and Grazing Land Management
Australian Government Reef Trust Ill: Reef Alliar@sowing a 464ha

GreatBarrier Reef
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Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

NRM region Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Australian Government Reef Trust Ill; Reef Alliar@eowing a 0.5km
Great Barrier Reef
Waterpark Grazing Queensland Government DAF Extension 13ha
Burnett Mary Baffle Grazing Audralian Government Reef Trust Ill: Reef Allian€rowing a 2,31ha
Great Barrier Reef
Grazing Audralian Government Reef Trust Ill: Reef Allian€rowing a 6.3km
Great Barrier Reef
Burnett Grains Audralian Government Reef Trust Ill: Reef Allian€rowing a 1,33ha
Great Barrier Reef
Grazing Augralian Government Reef Trust lll: Reef Allian&rowing a 2,42&ha
Great Barrier Reef
Augralian Government Reef Trust lll: Reef Alliarn&rowing a 3.3km
Great Barrier Reef
Horticulture Audralian Government Reef Trust Ill: Reef Alliarn€rowing a 188ha
Great Barrier Reef
QueenslandGovernment Hort360 GBR BMP 15Zha
Sugarcane Audralian Government Reef Trust Ill: Reef Allian€rowing a 262ha
Great Barrier Reef
Burrum Horticulture Audralian Government Reef Trust Ill: Reef Allian€rowing a 64ha
Great Barrier Reef
QueenslandGovernment Hort360 GBR BMP 8ha
Sugarcane Audralian Government Reef Trust Ill: Reef Allian€rowing a 3,27tha
Great Barrier Reef
Kolan Horticulture Augdralian Government Reef Trust Ill: Reef Allian€&rowing a 5%ha
Great Barrier Reef
QueenslandGovernment Hort360 GBR BMP 31ha
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NRM region

Total reported spatial extent of
practice change reviewed for Reef

Water Quality Report Card 2019

Catchment Commodity Program (hectares of land or kilometres of
stream)
2018-2019
Sugarcane Augdralian Government Reef Trust lll; Reef Alliar€rowing a 55ha
Great Barrier Reef
Mary Grazing Audralian Government Reef Trust Phase II: Gully manageme 173ha
in highly erodible suizatchments of the Mary River Catchmen
Augralian Government Reef Trust lll: Reef Allian&rowing a 1,66%ha
Great Barrier Reef
Audralian Government Reef Trust Ill: Reef Allian€rowing a 8.7km
Great Barrier Reef
Augdralian Government Reef Trust Phase IV : Great Barrier R 15Cha
Riparian Zone Managemena Mary River Project
Augdralian Government Reef Trust Phase IV : Great Barrier R 7.1km
Riparian Zone Managemena Mary River Project
Horticulture Audralian Government Reef Trust Ill: Reef Allian€rowing a 105%ha
Great Barrier Reef
Sugarcane QueenslandGovernment Smacane BMP 2751a
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Describing progress

Management practices that are at the moderate -low risk and low risk levels are considered as
Obest management pr act i c evwhén. destribiagtte prapordon ef u nthe gadal
area in a catchmentthatis managed under best practice, and practices are combined
according to their weighanageméont dpsaci Cadorr&ddipgst e ms 0.
based on five categories (  see Table 4) is also used to indicate progress toward the 90 per cent
adoption target

Table 4: Colour -coded scoring system used to indicate progress

Adoption progress 9 scoring system

23045% D 6 Orange Poor
46067% C 0o Yellow Moderate
68089% B 0 Light green Good
906100 % Very good

Qualitative confidence rankings

Sugarcane Grazing Horticulture Grains Bananas
*9#900 8000 9000 9900 *9000

A multi -criteria analysis has been used to qualitatively score the confidence in each indicator
used in the Reef Water Quality Report Card  from low to high. The approach combined expert
opinion and direct measures of error for program components where available.

Reference s

Australian and Queensland governments 2018 |, Reef 2050 Water Quality Improvement Plan
2017-2022. https://www.reefplan.qld.gov.au/about/

Further reading

McCosker K, Northey A (2015). Paddock to reef: Measuring the effectiveness of large scale
investments in farm management change. Rural Extension & Innovation Systems Journal ,
vol.11, 177-184.
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Glossary

Adoption : Adoption in this context is the process of changing how something is done on farms.
Adopting a new farm management practice usually requires the acquisition of  new
knowledge and skills, and often new or different farm equipment and infrastructure. The extent

to which a specific practice is adopted (adoption rate) is described as a percentage of the

overall population or area. For example, 98% of the sugarcane gr owing area in the Johnstone
catchment retains harvested crop residues on the soil surface.

Benchmark : a value set at a reference point in time. In this context , benchmarks are describing
farm practice adoption rates at specific points in time. For example , the 2016 benchmark for
low -risk usage regime of residual herbicides in sugarcane in the Burdekin catchment is 67% of

the sugarcane growing area.

Best management practice systems  : farms are managed using many different management
practices. There is a tbest practice 0&level for each of these practices . The farm management
system is a complex blend of all of these practices. Achieving a best management practice
system means that all, or the majority of the constituent practices, are occurring at the best
practice level. Inthe context of the Reef 2050 WQIP, the management systems described are
best practice for off -farm water quality.

Industry Best Management Practice (  BMP) Program : Many agricultural industry sector slead a
voluntary program that assists la ndholders to benchmark their current practices against an
industry -developed set of standards. These standards are available for all aspects of farm
business management, including the many of elements that are relevant when considering

risks to off-farm wa ter quality. Industry BMP programs operating in G reat Barrier Reef
catchments during  2018-2019 included:

1 Sugarcane: Smartcane BMP (Queensland Cane Growers Organisation)
1 Bananas: Banana BMP Guide (Australian Banana Growers 6Council)
1 Horticulture: Hort360 (G rowcom)

Stewardship : Stewardship is the responsibility of carefully managing something. In the context
of the Reef 2050 WQIP, it involves implementing or supporting farm practices that reduce
sediment, nutrient and pesticide pollution.

25



Ground cover monitoring methods

This report summarises the data and methods used for reporting progress towards the Reef
2050 Water Quality Improvement Plan (Reef 2050 WQIP) (Australian and Queensland
governments 2018) 2025 land and catchment management target for grou nd cover.

The target for ground cover is:
1 90% of grazing lands will have greater than 70% ground cover in the late dry season.

0The ground cover target focusses on | ate dry season
recognising that water quality r  isk is generally highest at the onset of the wet season. The target

incorporates an area -based component (i.e. 90% of grazing lands will have achieved the

ground cover target), while providing for natural variability in ground cover levels. Research

support s a ground cover target of 70% to minimise erosi

Background

Why measure ground cover?

Ground cover is defined as the vegetation (living and dead) and biological crusts and rocks

that are in contact with the soil surface and is a key in dicator of catchment condition. Ground
cover is a key component of many soil processes including infiltration, run -off and surface
erosion. In the Great Barrier Reef catchments, low ground cover can lead to soil erosion which
contributes to increased sedim  ent loads reaching the Great Barrier Reef lagoon and loss of
productivity for grazing enterprises.

It is particularly important to maintain ground cover during dry periods, or periods of unreliable
rainfall, to minimise loss of water, soil and nutrients wh  en rainfall eventually occurs. This practice
will also maximise the pasture growth response to rainfall. Implementing appropriate and
sustainable land management practices, particularly careful management of grazing pressure,

can help to maintain or improv e ground cover, reducing erosion and improving the stability

and resilience of the grazing system.

Factors that influence ground cover

Ground cover levels are the result of complex interactions between landscape function (soil

type, topography and vegetat ion dynamics), climate and land management. Some areas
maintain naturally higher levels of ground cover due to factors such as high sail fertility and
consistently high annual rainfall. The impacts of grazing land management practices on

ground cover level s in these areas can be minimal due to the resilience of the land in

responding to pressures. In areas where rainfall is less reliable and soils are less fertile, ground
cover levels can vary greatly and the influence of grazing land management practices o n
ground cover levels, and on the species composition of the ground cover, can be more
pronounced.

A number of initiatives aimed at improving grazing land management in Great Barrier Reef
regions are in place or are planned. They include programs which are improving management
of ground cover levels appropriate to the regional conditions such as:

1 the Grazing Resilience and Sustainable Solutions (GRASS) program provides one -on-one
support to help graziers improve poor and degraded land
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1 infrastructure projects such as fencing key areas and better distribution of watering
points for stock

9 trials of different grazing strategies

1 arange of extension and education activities including development of online,
interactive and reporting tools for accessing and viewing ground cover information.

Reporting ground cover levels for the Reef 2050 Water Quality Improvement
Plan

Progress towards the 2025 land and catchment management ground cover target is assessed

by the Queensland Ground Cover Monitoring Program. It is based on the measurement of late
dry season ground cover using Landsat satellite imagery for historical measurements and
Sentinel -2 satellite imagery, when available, in more recent years (post -2015). All imagery has
been processed to produce fractional ground cover estimates, using field data for calibration.
While a range of factors influence ground cover levels at local scales, reporting is focused only

on information that describes regional ground cover levels in the current and historical context.
Rainfall data is provided for context only, as it is the primary driver of ground cover levels at a
regional scale.

A range of products have been developed by the Queensland Ground Cover Monitoring

Program that account for the influence of climate, land mana gement and soil type. These
products are more appropriate for monitoring local -scale variability and differences in ground
cover levels and are of limited use for regional -scale reporting. Access to some of these

products is via the interactive online tool VegMachine and the online reporting tool, FORAGE.

Products that prove useful for describing ground cover levels at the regional scale will help to
revise fut ure ecologically -relevant and regionally -focused targets, and will be incorporated
into future reporting.

Methods

Ground cover data
Satellite imagery and fractional ground cover

Measurement of ground cover for reporting is based on fractional ground cover data derived
following methods described in Scarth et al. (2010), Guerschman et al. (2015) and Trevithick et

al. (2014). The fractional ground cover  method measures the proportion of green cover, non -
green cover and bare ground using reflectance informati on from late dry season from several
sources of satellite imagery. This includes the longer  -term dataset of Landsat imagery (1987 to
present): Landsat 5 Thematic Mapper, Landsat 7 Enhanced Thematic Mapper and Landsat 8
Operational Land Imager satellites wi  th a spatial resolution of approximately 30m and an
acquisition frequency of 16 days. In more recent years (mid -2015 to present), the European
Space Agency &éan8 8entinel 2B $atellites have augmented the Landsat record.
These satellite sensors have a spatial resolution of 10m and an acquisition frequency of five

days. Analyses undertaken by Flood (2017) has shown that fractional cover data produced

from the two imagery sources is statistically comparable as the surface reflectance values of

the Sentinel -2 products have been adjusted to closely match those from the Landsat satellites.

The inclusion of the Sentinel -2 data is expected to improve ground cover estimates, particularly

in areas that are cloud affected, due to the more frequent acquisiti on strategy. For all
reporting, the Sentinel -2 data are downscaled (i.e. degraded) to 30m to match the spatial
resolution of the Landsat data.
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It is important to note that the fractional cover data measures all cover as viewed from above
by the satellite, including the trees and shrubs as well as the ground cover and bare ground. To
derive a ground cover estimate, a further step is applied following Trevithick et al. (2014) which

uses another remote sensing product, owdylrdmevdthda he Oper s

influence of trees and shrubs on the fractional cover data. The persistent green product is

based on atime -series of imagery and an analysis of the behaviour of the green cover fraction
over that time -series. The assumption with this produ ct is that the minimum of the time  -series
represents the less seasonally -variable woody vegetation, effectively providing an estimate of

the level of woody cover at any given (pixel) location. This estimate is then converted to a

measure of the gap fractio  n of the woody vegetation, which is basically a measure of the

amount of gaps or spaces in the tree and shrub layer(s) when viewed vertically from above (or
below). A relationship is then defined, based on quantitative field data estimates of overstorey

and ground cover data and gap fractions, which estimates the amount of ground cover and

bare ground that is expected given a particular overstorey gap fraction estimate. An

adjustment is then made to the fractional cover to provide individual (i.e. pixel -level) estimates
of the level of green ground cover, non -green ground cover and bare ground at ground level,
thus producing a fractional ~ ground cover estimate (Figure 1). As a final step, the green and the
non -green ground cover fractions are summed to produc e a total ground cover estimate, as
erosion and run -off are influenced by all ground cover. This estimate of total ground cover is

used for reporting and i s hegrouackcbvered. referred to si mpl

. IR

Figure 3: Schematic representation of the correction of the fractional cover data to estimate the

fractional ground cover used for reporting (Trevithick et al., 2014). (a) Fractional cover measures all

vegetation cover including trees, shrubs and ground cover, as w ell as bare ground. The ground cover

and bare ground are partially obscured by the trees and shrubs. (b) Next, a time -series approach is used

to estimate the percentage of ©Opersistent greend cover

correctionfac t or is applied, based on field data, to effectively

tree and shrub layers, thus providing an estimate of the green cover, non -green cover and bare ground,
all at the ground level & the fractional ground coverors i mply 6ground cover 6.
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The method for deriving ground cover can be applied in areas of woody vegetation cover up

to approximately 60% persistent green cover, at which point the canopy becomes too dense

to reliably achieve an estimate of the ground cover. G iven the low levels of woody vegetation
cover in the Great Barrier Reef catchment areas, this means that generally, ground cover can

be reported for the majority (i.e. >90%) of the grazing lands.

The use of the persistent green product to derive ground co ver does have some limitations.
Given it is an estimate of green cover behaviour over time, some non -woody areas which are
persistently green (e.g. in high rainfall areas), can have very high persistent green cover values
(i.e. >60%), resulting in them not  being included in the areas for analysis and reporting. Further,
due to the way the persistent green product is derived using time -series approaches, it can
only be calculated up to a date which is two years prior to the current (reporting) season. As a
result of these limitations, ground cover reporting statistics calculated in one reporting period

may vary slightly when re -calculated and updated in the next reporting period, as will the area

of the grazing lands actually analysed and reported. In general , the reporting of mean cover
helps to account for these differences. Future work will consider ways to further limit the impact
these issues have on the ongoing consistency of the ground cover reporting.

The current version of the fractional ground cover product was developed using around 2000
field observations across a range of ground cover, tree cover and shrub cover levels within a
range of environments (Scarth et al., 2010; Guerschman et al., 2015). It has been assessed using
linear regression to have an accuracy of 17% Root Mean Square Error (Figure 2). Due to a
collaborative national effort, there are now over 4000 field observations collected using the

same field protocols across Australia, and are  -calibrated and revised fractional cover model is
b eing developed. It is expected that this updated version will help to address some known
limitations in the current version (e.g. in bright soil areas) and will be incorporated into reporting

in the future, following assessment of the accuracy and degree o f difference to the current
reporting. Re -processing of previous years will be undertaken to produce reporting statistics
which are based on a single, consistent product.
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Figure 2: Comparison of field measurements of fractional cover with Landsat derived fractional ground
cover for 2047 sites across Australia. The linear regression shows an overall RMSE of 17%.
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Late dry season ground cover

Late dry season ground cover is defined using seasonal composites of images for spring
(September dNovember) (for the period 1987 to present). It is estimated using a seasonal
composite of fractional ground cover data images (Landsat prior to 2015 and Sentinel -2 post -

2015) acquired throughout the season following Flood (2013). This app roach has the
advantage of removing errors and outliers in the data (e.g. due to cloud or cloud shadow
artefacts) and produces a composite image for the season which is based on the selection,

per pixel, of the most representative value for that season. Ea ch pixel is a real estimate
selected from the set of images available for that season; it is not a modelled or synthesised
value. The method requires at least three valid observations in any given season before a pixel

is selected for inclusion in the comp  osite image. It provides the most spatially comprehensive
coverage as there is generally very little missing data due to cloud, cloud shadow or satellite
sensor issues. For areas where there is still missing data, further infilling can be undertaken using

what are referred to as seasonal ground cover Opatche
areas where less than three valid observations were made in a season. This process is only
undertaken for the Landsat imagery, as the more frequent acquisition str ategy of the Sentinel -2

satellites typically results in very little missing data once composited.

Reporting regions and grazing lands

Reporting is based on the six natural resource management regions of the Great Barrier Reef
region:

1 Cape York

1 Wet Tropics

1 Burdekin

1 Mackay Whitsunday
1 Fitzroy

1 Burnett Mary.

Grazing lands in the reporting regions are spatially -defined based on the most recent land use
data provided by the Queensland Land Use Mapping Program (DSITIA, 2012). The most recent
version of the mapping  for Burdekin and Wet Tropics is 2016, with the Fitzroy and Burnett Mary
current to 2017. Cape York and the Wet Tropics are current to 2013 and 2015, respectively.

A reporting region is defined as that part of a region which is grazing land and has less tha n
approximately 60% persistent green cover. Any reporting region with less than 10% area

reported as grazing lands, or less than 10% ground cover data within the grazing lands, is

excluded from the results.

Reporting ground cover

This report provides a reg ional overview of late dry season ground cover levels in the Great
Barrier Reef catchments based on analysis of seasonal (i.e. spring) ground cover data. The
statistics are calculated for each pixel (i.e. 30m x 30m area) and then summarised (i.e.
averaged) for each of the 35 catchments.

Statistics reported include mean late dry season ground cover from 1987 to the current
reporting period, and the percentage of the regionos
season ground cover greater than 70% in the cur rent reporting year. Graphs show the mean
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ground cover levels over time, with rainfall included to provide context. Maps of ground cover
percentages are also provided for the entire Great Barrier Reef region, and for each reporting
region, to show where in  each region the ground cover levels were higher or lower.

It is important to note that averaging ground cover across whole regions can mask localised
areas of lower or higher cover, particularly in large catchments with a strong rainfall gradient
(e.g. t he Burdekin and Fitzroy). The mean ground cover reported is, therefore, indicative of
general levels of ground cover within the reporting region. Reporting is further divided into

catchments (and sub -catchments for larger catchments). For more detailed or localised
ground cover information and to visualise ground cover data products, refer to VegMachine
or FORAGE.

Rainfall data

Rainfall data is provided for cur  rent and historical context as rainfall is the primary driver of

ground cover levels at the regional scale. In general, high rainfall in the preceding seasons

results in higher ground cover levels and low rainfall results in lower ground cover levels. Rain fall
data is obtained from  SlLOas a 5km grid. The mean annual rainfall is then calculated for each
reporting region from September to August for each year from 1986, to align the mean annual

rainfal | with the late dry season reporting period. It should be noted that rainfall statistics are
constantly updated by the Bureau of Meteorology as more data becomes available, thus

reported mean annual rainfall may change slightly between reporting periods.

Scoring system

A standardised scoring system _is used for each of the key indicators in the reef report card. The
scoring system is used to assess and communicate the status of the indicator against the Reef
2050 WQIP 2025 targets.

Ground cover target

1. 90% of grazing lands will have greater than 70 per cent ground cover in the late dry season.

Table 1: The colour -coded ground cover scoring system

Status Criteria Grade and
colour code

Very poor ground cover Less than 60% of grazing lands meet the
adequate ground cover level

Poor ground cover Between 60 -69% of grazing lands meet the D - Orange
adequate ground cover level

Moderate ground cover Between 70 -79% of grazing lands meet the C - Yellow
adequate ground cover level

Good ground cover Between 80 -89% of grazing lands meet the B - Light Green
adequate ground cover level

Very good ground More than 90% of grazing lands meet the
cover O Target met adequate ground cover level

Adequate ground cover for 2019 is defined as >70% late dry season ground cover.
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Qualitative confidence ranking

2090890

A multi -criteria analysis is used to qualitatively score the confidence in each indicator used in

the Reef report card from low to high. The approach combined the use

of expert opinion and

direct measures of error for program components where available. Ground cover has received
a four -bar confidence ranking. Groundcover

Maturity of
methodology

Validation

Representativeness

Directness

Measured
error

(weighting 0.5)

New or Remote sensed data 1:1,000,000 Measurement of Error not
experimental with no or limited data that have measured
methodology ground truthing conceptual or >25%
relationship to error
reported indicator
Peer reviewed Remote sensed data 1:100,000 Measurement of 10-25% error
method with regular ground data that have a
truthing (not guantifiable
comprehensive) relationship to
reported indicators
Established Remote sensed data 1:10,000 Direct measurement Less than
methodology in with comprehensive of reported indicator 10% error
published paper validation program with error
supporting (statistical
error measured)
3x05=15 3 3 2 2

Bolded cells indicate assessment ranking

Total score = 11.5, equates to  four dots .
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Catchment pollutant delivery d Catchment loads
modelling methods

This report summarises the data and methods used for reporting progress toward the Reef 2050
Water Quality Improvement Plan (Reef 2050 WQIP) (Australian and Queensland governments

2018) 2025 water quality targets. The catchment loads modelling program is one line of

evidence used to report on progress in the Reef Water Quality Report Card 201 9.

The water quality targets are:
1 60% reduction in anthropogenic end  -of-catchment dissolved inorganic nitrogen loads
1 20% reduction in anthropogenic end  -of-catchment particulate nutrient loads
1 25% reduction in anthropogenic end  -of-catchment fine sediment  loads

9 pesticides: to protect at least 99% of aquatic species at the end -of -catchments.

Catchment loads modelling

Quantifying the impact of land management practice change on long -term water quality
through monitoring alone is not possible at the whole Gre at Barrier Reef (GBR) scale. Models
are, therefore, used in conjunction with the monitoring program to predict long -term changes
in water quality.

The purpose of the modelling is to report annually on the progress towards the Reef 2050 WQIP
2025 load redu ction targets for total suspended sediment (TSS), dissolved inorganic nitrogen
(DIN), particulate phosphorus (PP) and particulate nitrogen (PN).

The ability to model progress towards the new pesticide target is continuing to be developed.
In the meantime, pesticide risk is reported through the catchment loads monitoring program.

The eWater Source Catchments modelling framework (eWater, 2010) was modified to GBR
Source (Ellis 2017) to enable the synthesis of management practice change, paddock

monitoring an d modelling, and catchment monitoring data to estimate end -of -catchment
pollutant loads. The catchment models generate pollutant loads for current and improved
practices for each individual land -use. Modelling is conducted over a fixed climate period. This
enables changes in water quality that are only due to the implementation of improved
management practices to be modelled.

Baseline loads are estimated for the current management practice benchmark (2016).

From the baseline, the reduction in loads resulti ng from improved management practice
adoption is calculated by running the model with the new practice adoption layer for the

same 28 -year modelling period as the baseline. The difference in load is the load reduction for
that investment year

Pollutant | oads are summarised in the report card for the 35 basins draining to the Great Barrier
Reef lagoon. This catchment -scale water quantity and quality model uses a node link network

to represent processes of generation, transportation and transformation of wa ter and
constituents within major waterways in a catchment (see Figure 1). The model generates

estimates of run -off and pollutant loads for each functional unit (FUs- areas within a sub -
catchment that have similar behaviour in terms of run -off generation and/or nutrient
generation , e.g. land use) within a sub -catchment. Run -off and pollutants are transported from
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a sub -catchment through the stream network, represented by nodes and links, to the end of
the catchment. These components represent the sub  -catch ment and waterway network .

Node-link
network

Sub-catchment

Functional
Units

. Urban
Grazing
. Cropping
Catchment
outlet
Figure 4: Example of a functional unit (FU) and node  -link network generated in Source Catchments
(source eWater).
The Source Catchment model runs at a daily time -step which enables the interactions of
climate and land management to be reflected in modelled outputs . Aggregated average

annual catchment loads are required for the report card.  The model run s for a fixed climate
period (1986 to 2014), to remove the influence of climate on es timated load reductions. The
most current land -use mapping is incorporated when models are periodically updated (details
of the mapping data can be found at:
www.gld.gov.au/environment/land/management/mapping/statewide-monitoring/glump/glump-datasets).

The pollutants modelled were:
1 fine sediment (TSS) and coarse sediment
i dissolved and particulate nutrients.

The Paddock to Reef Integrated Monitoring, Modelling and Reporting Program (Paddock to
Reef program) agricultural management practice adoption progra m has developed water
quality risk frameworks for each agricultural industry. These frameworks articulate best

management practice in relation to the Reef 2050 WQIP land and catchment management
targets for agricultural management practice adoption. These practices are described in terms

of their relative water quality risk, from low to high. See the Agricultural land m anagement
practice adoption methods (Australian and Queensland governments, 2019b) report for more
information about the water quality risk frameworks.

Representation of pre -agricultural land management scenario

It is important to note that the pre  -development modelled loads were constructed to re flect a
scenario prior to agricultural development. The aim was to enable load changes from

management to be quantified. The scenario does not represent a true pre  -development
landscape. Off-shore coral coring and sediment tracing work suggests anthropogen ic loads

have increased anywhere from 2 -10 times the current load (Bartley et al. 2018, Lewis et al 2014
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and Hughes et al 2009, McCulloch et al 2003a). The modelled estimates of fine sediment fall
within these ranges.

The assumptions made when modelling  pre -development are:

1 Hydrology was kept the same for baseline and the pre -agricultural land management
scenarios with dams and weirs maintained.
Ground cover was increased to 95% in grazing areas.

With the exception of grazing, all other land uses reverted to nature conservation area.
The foliage projected cover layer was increased to 95% riparian cover.

Gully cross-section areas were reduced to 10% of their baseline values.
Management factors for streambank models were adjusted to reflect a very | ow risk to
water quality.

=a—-a —a -8 -8

To reflect the modelled load reduction for each report card as a result of changes in adoption

of improved agricultural management practices, three scenarios Lare run:
1 pre-development load (prior to agricultural development) for the 28 -year modelling
period

1 the baseline load for the 28 -year modelling period (i.e. representing the agricultural
management practice benchmark 2016)

1 change load for the 28 -year modelling period with the proportion of land managed
usingimprovedpracti ces adjusted to reflect the previous Vye

The proportion of land managed using defined management practices is the only variable
that changes between modelled scenarios. This allows for the relative load reductions
attributed to the areas of i  mproved agricultural management practices to be reported.
Approximately 10 land uses are modelled in each region including grazing, sugarcane, grain
cropping, horticulture and bananas

Modelled load estimates were calibrated and or validated against field data collected

through the Catchment Loads Monitoring program at 43 monitoring sites across 20 catchments
that discharge to the Great Barrier Reef |  agoon. For further information on the model

calibration and validation processes and results, refer to McCloskey etal. 2017A and Waters et
al 2014.

The Catchment Loads Modelling program undergoes an external peer review every three to
four years. The pro gram was reviewed in 2012, 2015 and 2019. Prior to the release of each
report card, modelled load estimates are reviewed both internally and externally.

1 A scenario describes the major processes in a river system or catchment that are modelled. This includes catchment
and sub -catchment definition, rainfall run  -off and constituent generation models, data sets and parameters. You can
create multiple scenariosto b reak complex projects into distinct parts or du plicate existing scenarios to conduct what -

if experiments without disrupting the original. Any change to the definition of sub -catchments, node  -link network, FUs,
or the models within FUs, forms a new scenario. Similarly, a different set of inputs or param eters can be used to set up a
new scenario, such as a change in land use or a climate change (eWater Source User Guide 4.1 ).
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Management practice change

The Reef 2050 WQIP water quality risk frameworks describe and categorise farming practices
according to recognised water quality improvements at the paddock scale. Improvemen tsin
water quality as a result of adopting improved management practices were determined by

linking paddock model timeseries outputs to catchment models.

Management practice change has been modelled for the sugarcane, grains, horticulture,

banana and graz ing areas of the Great Barrier Reef catchments. For details on how
management practice changes are represented in the modelling, refer to McCloskey et al.
2017A and Waters et al 2014.

Improved management of gullies and streambanks are modelled to reflect a ctivities such as
gully restoration, excluding stock via fencing off gullies and streambanks, and installing off -
stream watering points. Spatial data on investments in improved practices are provided by

industry and the six natural resource management (NRM ) bodies within each region to enable
good spatial representation of where works occurred.

Modelling assumptions

1 Loads reported for each  report card reflect the relative change in modelled average
annual loads for the specified model run period (1986 to 2014).

1 Land use areas in the model are static over the model run period and are based on the
latest available Queensland Land Use Mapping Program (QLUMP) data.

1 Paddock model runs that are used to populate the catchment models represent
0t y p imammdge@ent practices for a given management class and do not reflect the
actual array of management practices that occur year -to-year across the Great Barrier
Reef catchments.

I Paddock model simulations represent the reported management practice adoption
water qualit y risk frameworks as a set suite of practices.

1 Application rates of pesticides and fertilisers that are used to populate the paddock
models are derived through consultation with relevant industry groups and regional
NRM bodies.

I Management p ractice adoption areas represented in the model  are applied at the
spatial scale of the data  supplied by the delivery organisations and collated by the
Department of Agriculture and Fisheries (DAF) Paddock to Reef Agricultural
Management Practice Adoption program team ann ually.

1 The water quality benefits from adopting a management practice change are
assigned in the year that on -ground works were implemented , so time lags that may
occur in the system are not accounted for.

1 Itis important to note that these modelled load reductions are based on improved land
management adoption data supplied by organisations that receive Australian and
Queensland government funding to increase the adoption of best management
practices. Results are, therefore , indicative of the likely long -term water quality response
due to adoption of improved land management practices for a given scenario, rather
than a measured reduction in load.
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Linking paddock and catchment models

The eWater Source Catchm ents model ( www.ewater.org.au ) was modified to incorporate
hillslope constituent generation from the most appropriate paddock models for cropping,
sugarcane and sugarcane areas, and the Revised Universal Soil Loss E quation (RUSLE) for
grazing. Gully and streambank erosion and floodplain, channel and reservoir deposition
processes added to the model were based on the SedNet/ANNEX approach (Wilkinson et al.
2014). The modified framework is referred to as P2R Source. A detailed description can be
found in Ellis and Searle (2013) and Ellis (2017). The spatial and temporal representation of gully,
streambank and in -stream erosion processes were incorporated to better represent the erosion
processes observed in the summer -dominant rainfall areas of northern Australia.

Two approaches were used to represent improved land management practices in the Source
Catchments model depending on the land use of interest. In the first approach, for sugarcane,
bananas and cropping, the ¢ onstituent time -series (e.g. load per day per unit area) for the
given land use was supplied from a paddock model. Unique combinations of climate, soil type

and defined management practices within each land use were identified and represented

spatially in the paddock model simulations used to inform the catchment models. For cropping
(grain cereal crops) and bananas, the HowLeaky model was used (Rattray et al. 2004). For
sugarcane modelling, the Agricultural Production Systems sIiMulator (APSIM) (Holzworth e tal
2014) was used. For load reduction representation, the defined management practice for a
particular land use segment was altered between scenarios.

In the second approach, the RUSLE model was written into the Source Catchments model to
model hillslop e soil erosion in grazing lands. The cover term (C  -factor) in the model is
generated from remotely sensed ground cover satellite imagery seasonally (four scenes per
year) . The paddock -scale model GRASP (McKeon et al. 1990) was used to provide scaling
algor ithms for each scenario to account for changes in management in each identified land

type; for example, shifting areas from moderate risk to moderate dlow risk. These scaling
algorithms were applied at the pixel scale to each ground cover satellite image fo r the
modelling period. This is applied according to a spatial representation of areas of defined
management practices as provided annually by regional NRM bodies. Calculations were
performed pixel by pixel, with results accumulated to a single land use re presentation in each
sub-catchment. All loads generated for each land use represented within a sub -catchment
were then aggregated at the sub -catchment scale and routed through the stream network.

Total load

The total baseline load is the load modelled with  in each Great Barrier Reef catchment using

the 2016 management practice benchmark. A pre -development land use map was also
developed and modelled. The model was then run for a 28 -year period to establish an

average annual load for this period; the pre -deve lopment load . The anthropogenic load was
calculated as the total baseline load less the pre -development load.

Load reductions

To reflect investment in improved management practices since 2016, the model was then re -
run in each year for the same climate per iod using the proportions of lowest risk to high risk
management practice areas in that year. The relative change in pollutant loads from the
anthropogenic baseline after investment reflects the load reduction due to changes in

management practices (see Fi  gure 2).

37


http://www.ewater.org.au/

m Natural (pre-development) load
® Anthropogenic load

Load reduction

3

9 50% Target

= 00 -
(O]

2

@

e

(@)

@)

Baseline load Post improved
(Management Practice Benchmark practice adoption load
2016) (e.g. 2017/2018)

Figure 2: Example of modelled pre  -development and anthropogenic pollutant loads, and the load
reduction following investment in improved management practices.

Modelling improvements

In response to the independent external review of the program in 2015 and 2019, and
recommendations from the Queensland Audit Office and the Great Barrier Reef Water
Science Taskforce (GBRWST, 2016), improvements include:

1 A desktop and field gully mapping program continues to improve the spatial
representation of gully density and geometry in the models. Updated gully maps have
been incorporated for selected areas within the Fitzroy region.

1 Annual monitoring/modelling validation workshops are held to compare model
performance against monitoring data.

1 Updated land u se mapping incorporated for the Fitzroy, Burdekin and Burnett Mary
regions.

1 Research into parameter sensitivity/uncertainty in modelled inputs and outputs is
continuing to guide future data collection and provide estimates of load uncertainty
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How the information is reported

Progress towards the targets is estimated by determining how much the modelled pollutant

load has reduced from the average annual modelled anthropogenic baseline (total load less

the pre -development load). This is calculated as a pe rcentage reduction in average annual
modelled load.

The average annual percentage reduction in load is calculated as:

Reduction in load (%) = (anthropogenic baseline load d anthropogenic change) x 100

Anthropogenic baseline load

where, anthropogenic ~ baseline load = total load less pre  -development load

Modelled TSS, DIN, PN and PP at the end of the catchment are reported for the total Great
Barrier Reef catchment, six regions and 35 sub  -catchments.

Qualitative confidence ranking

Dissolved Particulate Particulate Sediment
inorganic nitrogen phosphorus
nitrogen
8000 *0800 *0800 20800

A multi -criteria analysis was used to qualitatively score the confidence in each indicator used
in the report card, from low to high. The approach combined expert opinion and direct
measures of error for program components where available.

Sediment and particulate nutrients scored higher for confidence as the modelling for these
parameters is based on well established methods, particularly for hillslope erosion processes.
Models are validated with data from more than 43 catchment loads monitoring sites and

modelled relationships are based on published data from historic and ongoing research.

Extensive gully mapping underpins the sediment modelling. The models undergo numero us
quality assurance checks and research is currently underway to measure and report

uncertainty within the models.

Dissolved inorganic nitrogen scored lower for confidence as the way in which nitrogen
changes form as it moves from paddock to the Great Barrier Reef is more complex to represent
within the modelling framework.
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Glossary

ANNEX: Annual Network Nutrient Export model is a static model that predicts the average
annual loads of phosphoru s and nitrogen in each link in a river network

APSIM: Agricultural Production Systems  sIMulator .

Agricultural land m anagement practice adoption program : A component of the Paddock to

Reef Integrated Monitoring, Modelling and Reporting Program which develops rigorous
estimates of management practice adoption and annual management practice change for
the major agricultural industries of the Great Barrier Reef catchments fi sugarcane, grazing,

horticulture, grains and bananas.

Sediment : Sediments in water include clay, silt, sand and coarser particulate material, and are

referredto asé6t ot al suspended solidsd (this is how they are
6total suspended sedi mentd. Sediments are characteris
sediment or particle size fractions present the same risk to the Great Barrier Reef, with fine

(<20pum) sediment moving furthest into the marine environment, leading to increased turbidity
and reduced light and , therefore , posing the greatest risk.

GRASP Soil water pasture growth model
HowLeaky : Agricultural system water balance and crop growth model based on PERFECT
USLEUniversal Soil Loss Equation.

C-factor : cover management  factor (C) in the USLEthat represents effects of vegetation and
other land covers.

SedNet: Sediment River Network Model used to determine catchment sediment yields and
sediment sources .
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Catchment loads monitoring methods

This report summarises the methods undertaken by the Catchment loads monitoring program
that reports the ca tchment loads monitoring results required for the delivery of the Reef Water
Quality Report Card 2019. The Catchment loads monitoring program provides data to the
Catchment loads modelling program _to validate progress towards achieving the Reef 2050
Water Quality Improvement Plan (Australian and Queensland governments 2018) 2025 water
quality targets.

The water quality targets are:
1 60% reduction in anthropogenic end  -of-catchment dissolved inorganic nitrogen loads
1 20% reduction in anthropogenic end  -of-catchment particulate nutrient loads
1 25% reduction in anthropogenic end  -of-catchment fine sediments loads

I pesticides: to protect at le  ast 99% of aquatic species at the end  -of-catchments.

Monitoring sites

Catchment water quality is measured at more than 43 sites across 20 catchments that
discharge to the Great Barrier Reef lagoon ( Figure 5) as part of an ongoing, long  -term
monitoring program. Water quality monitoring site numbers and locations vary slightly from
year to year, due to various logistical, climatic and operational reasons.

During 2018 -2019, 43 sites were monitored for total suspended solids and nutrients. Pesticides
were monitored at 37 sites across 27 major catchments (pesticides were not monitored in the
Cape York region).

Monitoring sites are classified as eithe r end -of-catchment or sub -catchment sites. The end -of-
catchment monitoring sites are located at the lowest point in a river or creek, where the

discharge can be accurately measured, typically where gauging stations have been

established and are being maint  ained by the Queensland Department of Natural Resources,
Mines and Energy. Sub -catchment sites are located at the lowest point in a sub -catchment
(tributary), mainly at existing gauging stations. Water quality samples collected at each

monitoring site prov ide data related to land management activities in the catchment area

upstream of the site. Both site types provide field data that are used to calibrate and validate
catchment models.

Monitoring currently captures an estimated 92% of the total suspended s olid load and 88% of
the dissolved inorganic nitrogen load discharged to the Great Barrier Reef lagoon. Pesticides
are monitored in all priority locations.
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Figure 5: Map showing the location of catchment monitoring sites in the
Monitoring, Modelling and Reporting Program.

Paddock to Reef Integrated
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