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Executive summary 

The Major Integrated Projects (MIPS), an important investment recommendation of the GBR Water 

Science Taskforce, have been established in the high priority Burdekin (focusing on sediment), and 

the Wet Tropics (focusing on nitrogen) regions, and were co-designed with landholders. 

The aim of the MIPS is to assess the effectiveness of innovative practices to reduce off farm 

movement of the two key pollutants of concern. 

This catchment modelling report and the accompanying paddock modelling report focus on the 

modelling outcomes for the Wet Tropics MIPS demonstration trials of land management practices and 

catchment repair sites implemented in the Johnstone and Tully River basins. 

Paddock demonstration trials modelled included practices to improve soil health, thereby reducing 

fertiliser requirements and matching fertiliser rates to crop requirements. Catchment repair practices 

included constructed bioreactors and wetlands.  

A fine-scale catchment model of the Johnstone Tully basins was built specifically for the project based 

on the broader scale Paddock to Reef model. The finer scale model used local data collected by the 

MIPS team and state government loads monitoring data to improve runoff and load estimates across 

the two basins. Two models were constructed: a base case, and a change case with the 

demonstration sites and catchment repair sites included. This then allowed for the improvement in 

water quality, pre- and post-MIPS, to be estimated.  

Catchment modelling simulations included a number of paddock-scale simulations for both sugarcane 

and bananas, as well as a number of the catchment repair sites. The objective of the modelling was to 

estimate the end-of-basin long-term water quality improvement as a result of the installation of the 

MIPS projects. Six bioreactors and four wetlands were incorporated into the model. It is important to 

note that the projects modelled are a subset of the total number of projects. Sites were modelled 

based on the appropriateness of the site to be modelled and data availability for each site at the time 

of reporting.  

In the Tully basin, three demonstration sites, two bioreactors and two wetlands were modelled which 

translates to an effective treatment area of 0.38% of the Tully basin. In the Johnstone basin, two 

demonstration sites, four bioreactors and two wetlands were modelled with an effective treatment area 

of 0.04% of the Johnstone basin. 

Preliminary results suggest that the modelled demonstration sites, bioreactors and wetlands would 

result in an end-of-system DIN reduction of 0.27% in the Tully basin. For the much larger Johnstone 

basin, there is an end-of-system DIN reduction of 0.03% from the modelled sites.  

Whilst these early results are promising, it is important to acknowledge that modelling results are 

preliminary and were based on the limited site data available for the two years of monitoring. Modelled 

results will be refined in the future as more detailed data becomes available.   

The MIPs projects are an innovative concept enabling new technologies to be explored with the 

potential for widespread adoption of successful practices.  Aligning the on ground implementation, 

monitoring and modelling is highly beneficial, whereby modelling has been able to inform the 

monitoring program to a degree.  Whilst there are still knowledge gaps to improve understanding the 

behaviour of practices and their subsequent modelling, the program has provided many insights for 

the future of the program. 
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Glossary 

Acronym/Terminology Description 

APSIM 
Agricultural Production Systems Simulator (model used to simulate 
sugarcane paddocks) 

Channel 
remobilisation 

Fine sediment and particulate nutrients supplied by channel 
remobilisation processes 

DEM Digital elevation model 

DES Department of Environment and Science (formerly DSITI and EHP) 

Diffuse dissolved 
Source of dissolved constituents supplied to the stream network from all 
land uses  

DIN Dissolved inorganic nitrogen 

DIP Dissolved inorganic phosphorous 

DNRME Department of Natural Resources, Mines and Energy (formerly DNRM) 

DOP Dissolved organic phosphorous 

DR Delivery Ratio e.g. HSDR - Hillslope Delivery Ratio 

DS 

Dynamic SedNet—a Source Catchments ‘plug-in’ developed by 
DNRME/DES, which provides a suite of constituent generation and in-
stream processing models that simulate the processes represented in 
the SedNet and ANNEX catchment scale water quality model at a finer 
temporal resolution than the original average annual SedNet model 

DWC 
Dry Weather Concentration—a fixed constituent concentration in base or 
slowflow generated from a functional unit to calculate total constituent 
load 

EMC 
Event Mean Concentration—a fixed constituent concentration in 
quickflow generated from a functional unit to calculate total constituent 
load 

EOS End-of-system 

Extractions 
Dissolved and particulate constituents lost via extraction (e.g. pumped 
losses for irrigation, stock or domestic water supplies) from the stream 
network 

Floodplain deposition 
Fine sediment and particulate nutrient losses via the process of particle 
settling and resultant deposition on floodplains 

FPC Foliage Projective Cover 

FRCE 
Flow Range Concentration Estimator—a modified Beale ratio method 
used to calculate average annual loads from monitored data 

FU Functional Unit 

GBR Great Barrier Reef 

GBRCLMP 
Great Barrier Reef Catchment Loads Monitoring Program (supersedes 
GBRI5) 
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Acronym/Terminology Description 

Gully 
Fine sediment and particulate nutrients supplied to the stream network 
by gully erosion processes 

Hillslope 
Fine sediment and particulate nutrients supplied to the stream network 
by surface erosion processes surface and rill erosion) 

HowLeaky Water balance and crop growth model based on PERFECT 

HRT Hydraulic retention time 

Instream deposition 
Particulate constituents lost to the stream network via particle settling 
within the stream network 

JT Johnstone Tully 

NRE Nitrogen removal efficiency 

NRM Natural Resource Management 

NSE Nash Sutcliffe Coefficient of Efficiency  

PBIAS Percent bias 

PET Potential evapotranspiration 

P2R Paddock to Reef 

PN, PP Particulate Nitrogen, Particulate Phosphorus 

Point Source 
Dissolved constituents supplied to the stream network from point 
sources; in this case, Sewerage Treatment Plants (STP) 

R2 The coefficient of determination 

RC2017 
Catchment modelling reef report card which uses data from 2016-2017 
financial year 

RC2018 
Catchment modelling reef report card which uses data from 2017-2018 
financial year 

Reef Rescue 

An ongoing and key component of Caring for our Country. Reef Rescue 
represents a coordinated approach to environmental management in 
Australia and is the single largest commitment ever made to address the 
threats of declining water quality and climate change to the Great Barrier 
Reef World Heritage Area 

RS-HDMR Random sampling - high dimensional model representation 

RUSLE Revised Universal Soil Loss Equation 

SedNet 
Catchment model that constructs sediment and nutrient (phosphorus and 
nitrogen) budgets for regional scale river networks (3,000–1,000,000 
km2) to identify patterns in the material fluxes 

Seepage 
Dissolved constituents supplied to the stream network from sugarcane 
via subsurface loss pathways 

Storage deposition 
Fine sediment and particulate nutrients lost via the process of particle 
settling and resultant deposition in storages 
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Acronym/Terminology Description 

Streambank 
Fine sediment and particulate nutrients supplied to the stream network 
by streambank erosion processes 

SMC-ABC Sequential Monte Carlo – Approximate Bayesian Computation 

STP Sewerage Treatment Plant 

TPOT Tree-Based Pipeline Optimisation Tool 

TSS Total suspended sediment  

WT Wet Tropics 
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Assumptions and limitations 

The key catchment modelling assumptions to note are: 

• The main objective of the catchment modelling is to report the water quality impacts as a 
result of treatments, interventions and/or management changes. Therefore, it is the relative 
difference between scenarios that is important, not the absolute load values.  

• Modelled baseline loads will change over time as new science, better algorithms and 
improved data becomes available. This is an integral part of the continuing development and 
improvement of models. In every model build, the focus is on providing the most reliable 
catchment scale pollutant generation and export estimates. 

• For the Johnstone-Tully (JT) MIPS project, the model run period is July 1986 – June 20181. 
The model run period for model validation has been extended to end December 2019.  

• The structure of the model represents two particle size classes of sediment: fine and coarse. 
As such, the transport and fate of these can be handled differently. These two classes of 
sediment are typically apportioned from a single ‘total eroded sediment mass’ derived from a 
representative erosion model. The apportionment into these classes is based on the best 
available soil data at the location and scale being represented. The model representations of 
fine and coarse sediment are available for reporting and comparison with observed data at 
many model locations. It is rare for available observed (measured) data that is informative at 
spatial and temporal scales required for catchment scale water quality modelling to contain 
specific fine and coarse sediment components. The term ‘Total Suspended Solids’ (TSS) is 
usually applied to the observed data, and will include different proportions of particle sizes, 
depending on what time and place the sample represents. In lieu of a more suitable data set 
to inform catchment scale water quality model validation and calibration, the TSS 
observations are frequently used to assess the generation and export rates of fine sediment; 
hence, the two terms are often used interchangeably by the modelling community. It should 
be made clear to stakeholders that export loads reported from the Dynamic SedNet models 
employed for Reef Plan purposes are referring to the fine sediment component only, and in 
some cases these might be mislabelled ‘TSS’. Therefore, when referring to model outputs and 
interpretations, ‘TSS’ in this report refers to instream fine sediment. 

• Land use areas in the model are static over the model run period and are based on the latest 
available Queensland Land Use Mapping Project (QLUMP) data at the time of model building. 

• Paddock model runs used in the catchment models represent ‘typical’ management practices 
in each management class and do not reflect the actual array of management practices being 
applied on a particular area of land until such a time that farm by farm data becomes 
available. This applies to application rates of fertilisers used in the paddock models, which 
were derived through consultation with relevant local industry groups and technical experts in 
each region. 

• Distribution of baseline land management practices is not able to be captured (in its entirety) 
in a spatial format. Regional and sub-regional estimates of this distribution have been made 
and are used as required in the preparation of the data inputs for the baseline scenario. 

• All land management improvements to be represented in the relevant scenarios are supplied 
in a spatial format. This data is used to inform the data preparation for the modelled 
scenarios. In situations where the spatial data does not coincide with a representative 
modelling unit, the land management improvement is reallocated to the nearest suitable 
location for grazing and riparian investment. For cropping and sugarcane management 
improvements, the area of improvement that is not coincident with a relevant modelling unit is 
applied evenly throughout the relevant region or sub-region for that industry.  

• Modelling of the banana industry and the associated water quality improvements have been 
included in the Johnstone-Tully model, consistent with the Paddock to Reef Wet Tropics 
model.  

 
1 Note: The JT MIPS model evaluation period is different from the Paddock to Reef Wet Tropics report card 

model which has a model run period from July 1986 to June 2014. 
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• Dissolved inorganic nitrogen (DIN) load reductions are modelled for sugarcane systems with 
APSIM.  

• For land uses that require spatially variable data inputs for pollutant generation (RUSLE 
based estimates of hillslope erosion and SedNet-style gully erosion), data pre-processing 
captures the relevant spatially variable characteristics using the specific ‘footprint’ of each 
land use within each subcatchment. These characteristics are then used to provide a single 
representation of aggregated pollutant generation per land use in each subcatchment. 

• Groundwater to streams is represented as a calibrated baseflow proportion of drainage via the 
Sacramento rainfall runoff model and this is multiplied by a static ‘dry weather concentration’ 
(DWC) of constituent to reflect groundwater export.  

• Whilst DIN movement below the root zone is not explicitly modelled, a proportion of the DIN 
modelled by APSIM in sugarcane areas, can be delivered to the stream to represent lateral or 
seepage flow from sugarcane areas. The proportion of seepage load delivered to the stream 
is calibrated to align modelled DIN baseline loads with loads estimated from monitoring at the 
nearest water quality gauging station. Modelled seepage loads vary with the management 
practice simulated.  

 

It is important to note that this report summarises simulated – not actual – load reductions of key 

constituents from the Johnstone-Tully catchments. The modelled changes in water quality are a 

function of the area and estimated efficacy of treatments.  

Results from this modelling project are therefore a useful indicator of the likely simulated effects of 

trialled treatments rather than a measured (empirical) reduction in loads.  
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1 Background 

The Major Integrated Projects (MIPS) were an important investment recommendation of the GBR 

Water Science Taskforce, funded through the Queensland Government’s Reef Water Quality 

Program. Projects were established in the high priority Burdekin (focusing on sediment) and Wet 

Tropics (focusing on nitrogen) regions and co-designed with landholders. The aim of the MIPS is to 

assess the effectiveness of innovative practices to reduce off farm movement of the two key pollutants 

of concern. 

The Wet Tropics MIP program is focused on the Johnstone and Tully (JT) catchments. Innovative land 

management practices implemented include paddock scale demonstration trials and catchment 

interventions. Paddock demonstration trials included practices to improve soil health to reduce 

fertiliser requirements, and matching fertiliser rates to crop requirements. Catchment intervention 

practices included constructed: bioreactors, wetlands and vegetated drains to investigate their 

potential to remove sediment, nutrients and pesticides in runoff.  

The paddock and catchment modelling component of the project incorporates data from the 

monitoring program and is an important part of the project evaluation. This report focuses on the 

modelling outcomes for the Wet Tropics MIPS demonstration trials of land management practices and 

catchment intervention practices implemented in the Tully and Johnstone basins.  

 

2 Modelling objectives 

The paddock and catchment modelling objectives were to:  

• Develop APSIM model simulations for the Tully and Johnstone demonstration (farm services) 
sites reflecting local climate, management and soils; 

• Build a fine scale catchment model for the Johnstone and Tully Basins incorporating data 
collected from the local scale monitoring program to improve load estimates; 

• Provide estimates of long-term end-of-system (EOS) water quality due to the implementation 
of demonstration site trials and catchment repair trials; and 

• Estimate the long-term relative change in water quality loads at catchment-scale due to 
implementation of the trials. 

The outputs of paddock models and simulations are used to show how management practices and 

treatments employed at the WT MIPS demonstration sites might behave under a range of climatic 

conditions. Paddock model outputs are then incorporated into the fine scale catchment model. 

 

3 Methods 

The Johnstone-Tully catchment model is built on the eWater Source platform and follows a process 

consistent with the existing Wet Tropics reef report card model (McCloskey et al., 2019). Where 

appropriate, data from the MIPS monitoring program is incorporated to inform and validate the model.  

The major stages in developing the finer scale catchment model include: 

• Setting up the model structure: Subcatchment delineation and node network build capturing 
JT MIPS monitoring locations. 

• Building hydrology into model: Production of required inputs such as climate timeseries for the 
new subcatchments, rainfall-runoff model and link routing model parameterisation/calibration. 

• Setting up the constituent generation model. 
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• Incorporating baseline paddock-scale simulations (APSIM and Howleaky time series data) 
into the catchment model. 

• Calibrating water quality and evaluating model performance using relevant monitoring data to 
derive a “baseline model”. 

• Incorporating paddock-scale simulations for demonstration sites and representations of the 
relevant catchment repair installations (e.g. bioreactor and wetland) to derive a “change 
model”. 

• Analysing and reporting results. 

 

The Johnstone-Tully model is built on the eWater Source modelling platform (eWater Ltd., 2012) 

which enables users to simulate the effect of catchment and climate variables (such as rainfall, land 

use, management practice and cover) on runoff, constituent generation and transport. The modelling 

framework allows for external models and component models to be customised and integrated into the 

model to simulate specific processes. This capability was utilised to incorporate the most appropriate 

constituent generation models for the Johnstone-Tully and is consistent with the models applied in the 

P2R Wet Tropics model. The integrated model is referred to as the GBR Dynamic SedNet. The major 

difference between the P2R models and the Johnstone-Tully model is that the JT model was built at a 

finer spatial resolution (smaller subcatchments) to include local data.  

The model operates on a daily time-step, however, long-term relative change is reported on an 

average annual basis for a fixed 32-year climate period (1986 to 2018) to normalise the effects of 

climate variability on constituent loads. Note that the selected modelling period for the WT MIPS is 

four years longer than the 28-year modelling reference period of the P2R report card models.  

 

3.1 Model network 

The Johnstone-Tully GBR model is built on a network of subcatchments, links and nodes. 

Subcatchments are the basic spatial unit in eWater Source, and are further delineated into Functional 

Units (FUs) based on common hydrological and water quality response or characteristics. In the P2R 

and JT models, functional units are defined by land use categories. Links and nodes represent the 

stream network, and runoff and constituents are routed from one subcatchment to the next via these 

networks. 

To create the model network, a 30m hydrologically enforced digital elevation model (DEM-H) based 

on Shuttle Radar Topography Mission (SRTM) elevations and shapefile of key stream monitoring sites 

was input in the Source geographic model wizard to generate a subcatchment node-link network. A 

5km2 area threshold was applied to capture as many MIP monitoring, hydrology calibration and 

GBRCLMP sites as possible, while considering the computational demand imposed by a finer-scale 

model. This threshold resulted in the creation of a model with 480 Source subcatchment elements –

compared to 102 subcatchments for the Johnstone-Tully region in the P2R Wet Tropics (WT) model. 

Model elements representing storages (e.g. Koombaloomba Dam) and extractions were added to the 

model, consistent with the processes accounted for in the P2R WT model. A map of the fine scale 

Johnstone-Tully catchment model network is shown in Figure 1. 
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Figure 1: Map showing Johnstone-Tully catchment model elements 
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3.2 Land use functional units 

The most recent land use dataset from the Queensland Land Use Mapping Project (QLUMP) which 

was mapped using 2015 satellite imagery (DSITIA, 2016) was used to define the land use in the 

model. Land use in the Johnstone-Tully catchment is dominated by nature conservation 

(Conservation), which comprises approximately 64%, followed by Sugarcane at 12% of the total area. 

The Johnstone-Tully model covers an area of approximately 3912 km2. A breakdown of modelled land 

use categories and areas is shown in Table 1. 

 

Table 1: Modelled areas by land use in Johnstone-Tully catchment model 

Land use category 
Approx. modelled area 

(km2) 

Percent of total 

modelled area (%) 

Conservation 2,498 64 

Sugarcane 452  12 

Grazing Forested 381  10 

Grazing Open 230  6 

Bananas 106  3 

Urban 84  2 

Water 82  2 

Dairy 37  <1 

Other 19  <1 

Horticulture 9  <1 

Dryland Cropping 6  <1 

Forestry 4  <1 

Irrigated Cropping 2  <1 

 

3.3 Climate inputs 

Daily rainfall data for January 1970– January 2020 were obtained from the interpolated 0.05° 

resolution gridded rainfall data set known as ‘SILO’ (Jeffrey et al., 2001). Morton-type areal PET 

values (Chiew & McMahon, 1991; Morton, 1983) for the same period were also derived from SILO. An 

averaged, continuous daily time series of rainfall and PET for each modelled subcatchment element 

were calculated from the SILO data and are key inputs to the rainfall-runoff model.  

Due to a known issue in SILO estimates for the Tully basin and the resultant significant under-

prediction of flow discharge, rainfall scaling factors were applied to relevant subcatchment timeseries 

inputs of the P2R RC2017/RC2018 WT model in accordance with the Wet Tropics Water Resource 

Plan – Summary Report on Rainfall Investigation  (DSITIA, 2013). The same rainfall scaling factors 

were applied in the Johnstone-Tully model (for the suspected anomalous post-2000 period) prior to 

hydrology calibration. 

A clear example of the SILO underestimation of rainfall in the Tully region is evident in the SILO 

Patched Point Dataset (PPD) for the Koombaloomba Dam rainfall station (031083). This station 

closed in Dec 2011 and since that time SILO interpolated rainfall data have been patched into the 
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rainfall record for this site. A dramatic change in the frequency distribution of rainfall is evident with the 

commencement of the use of SILO interpolated data in the record, with an increase in frequency of 

small falls and a reduction in the frequency of larger falls (Figure 2). 

 

Figure 2: Proportion of rain days by depth, rolling 7 year window for Koombaloomba Dam 

rainfall station (031083) 

 

3.4 Hydrology 

Rainfall runoff is estimated using a conceptual model “Sacramento” (Burnash et al., 1973) available 

within the eWater Source software. Sacramento moves water on days of rainfall through a series of 

cascading ‘buckets’ to estimate surface runoff (quick flow and lateral flow) and groundwater base flow.  

The capacities of the ‘buckets’ to hold water varies as infiltration fills them and as evapotranspiration 

empties them, and this influences the runoff generated. To better align the estimated runoff to the 

observed runoff the timing of modelled runoff is lagged, and the “Sacramento with Lag Unit 

Hydrograph” rainfall-runoff model was applied for runoff prediction. Flow routing was simulated for 

each subcatchment by using the “Storage Routing with Reach Length Modifier” model option 

developed as part of the GBR specific suite of tools. The Sacramento and routing parameters were 

regionalised upstream of the selected hydrology gauges. Two parameters are used in the routing 

model to simulate the flow routing processes, the routing power (m) and the routing constant (k). The 

routing constant (k) for a given reach in the catchment is calculated as the product of the ‘regional 

constant’ and the ‘reach length’, thus providing each link with a unique routing constant parameter 

value (k).  

Daily flow data were extracted from DNRME’s Hydstra Surface Water Database to provide the 

observed values for calibration.  
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Observed data points were required to meet quality code criteria (< 60) for inclusion (Department of 

Natural Resources and Mines, 2016). 

The hydrology gauges for the JT MIPS model were selected on the following criteria: 

• Appropriately represented on the modelled stream network; 

• Minimum of 10 years’ flow record (post 1970) with suitable quality codes; 

• Little or no influence from upstream storages (subjective). 

Hydrology was evaluated at the following gauges (Table 2) for the available observed data points for 

the following periods:  

• Extended time span: 1 January 1970 to 30 December 2019 

o Includes longer-term historic gauge data, and the end date allows for MIP monitored 
concentration data comparison 

• Model run period: 1 July 1986 to 30 June 2018 

o The model run period used to assess long-term relative change in loads. End date 
coincides with latest annual load monitoring data available. 

 

Table 2: Hydrology gauge sites used to calibrate and validate hydrology for JT model 

Station number Station name 
Latitude 

(decimal) 

Longitude 

(decimal) 
Basin 

112003A North Johnstone River at Glen Alyn -17.380 145.650 Johnstone 

112004A North Johnstone River at Tung Oil -17.545 145.932 Johnstone 

112101B South Johnstone at Upstream Central Mill -17.609 145.979 Johnstone 

112102A Liverpool Creek at Upper Japoonvale -17.714 145.905 Johnstone 

113004A Cochable Creek at Powerline -17.739 145.630 Tully 

113015A Tully River at Tully Gorge National Park -17.773 145.650 Tully 

113006A Tully River at Euramo -17.992 145.942 Tully 

 

The model performance was assessed using the quantitative criteria in Table 8 (Moriasi et al., 2015), 

using three statistics: Coefficient of determination (R2); Nash-Sutcliffe coefficient of efficiency (NSE), 

percent bias (PBIAS). Qualitative assessments, as recommended by Moriasi et al. (2015), using 

scatter plots and flow duration curves were also undertaken to assess the performance of the 

calibrated models. 

The JT catchment model was built with the advantage of an existing reliable larger-scale Wet Tropics 

catchment model for reference. For the hydrology model, Sacramento and routing parameters from 

the larger-scale WT model were initially transferred into the JT model and assessed. The runoff 

generated and aggregated from JT subcatchments corresponding to WT subcatchments was 

expected to be the similar, assuming no significant differences between rainfall and PET inputs. 

However, it was expected that discharge at modelled nodes would vary between the two models due 

to differences in link lengths and the effect of the routing parameters. The initial hydrology of the JT 

model showed a small deterioration in performance (as expected) when using the transferred 

parameters. Through previous experience with Sacramento hydrology calibration, it was observed that 

the set of parameters which provide reasonable hydrology fits generally tend to occupy a very 
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localised parameter space, i.e. tight boundaries for parameters. As the transferred parameters 

showed reasonable fits, and due to time-constraints, a quasi-random sampling approach (Sobol 

sequencing) (Chisari, 2020; Joe & Kuo, 2008) was used to generate 1096 different parameter sets 

with sampling range ±50% of the transferred parameter values from the larger scale WT model. Model 

runs were generated from the parameter sets, and performance statistics calculated for the samples. 

A final parameter set for each hydrology region was selected and applied when performance of the JT 

model was deemed satisfactory according to Moriasi et al. (2015) quantitative and qualitative criteria.  

 

3.5 Constituent generation and modelling 

A conceptual diagram showing the various sub-models used to simulate constituents is shown in 

Figure 3.  

 

 

Figure 3: Conceptual diagram showing sub-models used to simulate constituents in GBR 

catchment models 

 

The key water quality constituents of interest in the WT MIPS project are fine sediment and dissolved 

inorganic nitrogen (DIN). In the first stage of reporting, the purpose of the catchment model is to 

estimate the long-term average annual relative change in exported loads at catchment-scale due to 

the interventions applied in demonstration sites and simulated through the paddock models.  

The specialised ‘plug-in’ developed for the GBR catchment modelling program called Dynamic SedNet 

(Ellis, 2018; Ellis & Searle, 2014; Wilkinson, 2004) uses a suite of empirical and process-based 

landscape models to simulate fine sediment supply and losses from major sources and sinks at a finer 

temporal resolution (daily time-step) than the original average annual SedNet model (Ellis, 2018). The 

suite includes Revised Universal Soil Loss Equation (RUSLE) (Renard & Ferreira, 1993), Agricultural 

Production Systems sIMulator (APSIM) (Keating et al., 2003), HowLeaky (Littleboy et al., 1992; 

McClymont et al., 2011), and the SedNet functionality of gully erosion, streambank erosion, instream 

deposition/remobilisation, floodplain deposition, and storage (reservoir) trapping processes (Wilkinson, 
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2004). An Event Mean Concentration/Dry Weather Concentration (EMC/DWC) model was applied 

where (1) there is limited monitored data to build the model; (2) no specific process-based model was 

built for a land use; or (3) the land use is not one where major investment occurs under the paddock to 

Reef program, hence, detailed modelling of management practice change is not required at this point 

of time. 

The array of models applied to simulate fine sediment and dissolved inorganic nitrogen (DIN) supply 

and losses in the JT catchment model is presented in Table 3. For comprehensive documentation on 

the Dynamic SedNet including assumptions and algorithms, refer to the Dynamic SedNet Component 

Model Reference Guide (Ellis, 2018). 

 

Table 3: Model array for fine sediment and DIN supply, transport and losses in the JT 

catchment model 

Functional unit 
Fine sediment and 

particulate nutrients 
Dissolved inorganic nitrogen 

Conservation 

RUSLE + Sednet Gully 
EMC/DWC 

Forestry 

Grazing 

Dairy EMC/DWC + Sednet Gully 

Sugarcane APSIM + Sednet Gully APSIM 

Bananas HowLeaky+ Sednet Gully HowLeaky 

Cropping EMC/DWC + Sednet Gully 
EMC/DWC 

Urban and Other EMC/DWC + Sednet Gully 

Streambank 

SedNet 
SedNet 

Storage trapping 

Floodplain deposition NA 

In-stream 
deposition/remobilisation 

Constrained to equilibrium NA 

 

3.5.1 Fine sediment generation 

GBR Dynamic SedNet is used to predict coarse and fine sediment. For fine sediment, particle size is 

restricted to the ≤20µm fraction based on the international particle size classification (National 

Committee on Soil and Terrain, 2009). Two sources of fine sediment are modelled – surface and 

subsurface. Surface sources include hillslope erosion, where the upper soil profile is typically 

mobilised. Subsurface sources include gully and streambank erosion, as they typically mobilise 

deeper soil horizons. Surface losses by aeolian processes or mass waste are not represented. 

 

3.5.2 Dissolved inorganic nitrogen modelling 

Dissolved inorganic nitrogen is modelled in two ways in the GBR Dynamic SedNet platform. Outputs 

derived from paddock-scale models APSIM and HowLeaky are used to simulate constituents from 
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Sugarcane and Banana FUs, respectively. For the remaining land uses, a simple Event Mean 

Concentration/Dry Weather Concentration (EMC/DWC) approach is implemented. 

 

3.6 Water quality model calibration and validation approach 

Multiple lines of evidence were used to calibrate and validate the JT catchment model. Decisions 

around the most appropriate data source to use in a model build are intrinsically linked to the 

modelling purpose. As the purpose of the JT MIPS catchment model is to estimate the relative 

average annual change in loads at the catchment scale due to the (paddock-scale) demonstration site 

interventions/treatments, reliable long-term annual estimates of observed loads are required. 

Therefore, the primary observation data source utilised were the annual loads as reported by the 

Great Barrier Reef Catchments Loads Monitoring Program (GBRCLMP) (Turner et al., 2013). The 

GBRCLMP is the most comprehensive long-term water monitoring data available in the Johnstone-

Tully area. The program started in 2006 and is on-going. In the GBRCLMP, water quality samples are 

collected on a monthly-basis during ambient (low flow, dry season) conditions, and hourly to daily 

during high flow events in the wet seasons. Contaminant concentrations and river discharge are then 

used to estimate the loads at each site in method described by Kroon et al. (2012). 

Other data sources used to improve calibration and validation, and inform model parameter 

values/bounds were the measured discrete concentration data from the WT MIPS stream monitoring 

sites and  published monitoring data (Bainbridge et al., 2009; Faithful et al., 2007; Hunter & Walton, 

2008). An example of literature used to inform starting parameter boundaries for calibration is shown 

in Appendix A for conservation and forestry land uses. When available, published data from 

monitoring sites where the majority of upstream area was of a single land use were used to inform the 

model. 

In the Johnstone-Tully, there are four GBRCLMP sites that have more than three years of monitored 

water quality data: two sites in the Johnstone, and two in the Tully and were therefore used for water 

quality calibration. The GBRCLMP monitoring sites are listed in Table 4.  

 

Table 4: Great Barrier Reef Loads Monitoring Program (GBRCLMP) water quality sites used to 

calibrate and validate JT model 

Station number Station name 
Latitude 

(decimal) 

Longitude 

(decimal) 
Basin 

1120049 
North Johnstone River at Old Bruce 
Highway Bridge 

-17.506 145.992 Johnstone 

112101B South Johnstone at Upstream Central Mill -17.609 145.979 Johnstone 

113015A Tully River at Tully Gorge National Park -17.773 145.650 Tully 

113006A Tully River at Euramo -17.992 145.942 Tully 

 

Prior to the model calibration, the GBRCLMP estimated annual loads were assessed against the 

GBRCLMP raw concentration data for consistency. Any anomalous records were not used in the 

calibration. 

The model parameters representative of key water quality processes for fine sediment and DIN 

transport were chosen for the calibration.  



26 
 

 

While not a requirement of this reporting milestone, constituents such as particulate nitrogen (PN), 

particulate phosphorous (PP), dissolved organic nitrogen (DON), dissolved organic phosphorous 

(DOP), and dissolved inorganic phosphorous (DIP2) were included in the initial calibration process.  

Results for these additional constituents are not discussed here as this was out-of-scope for this 

modelling exercise. Nevertheless, model performance plots and statistics for all constituents are 

presented in Appendix F, and Appendix G. 

 

Sequential Monte Carlo sampling applied within Approximate Bayesian Computation (SMC-ABC) and 

coupled with a trained surrogate model was used to calibrate (or infer) water quality model 

parameters. The summary statistic chosen for the SMC-ABC parameter inference was selected to 

reduce the bias between modelled average annual loads and those estimated by the GBRCLMP at 

the selected water quality gauges. An outline of the main methodology can be found in Bennett (2019) 

and Baheerathan & Bennett (2019), with the main difference between the method described and that 

employed for calibration of the JT fine scale model being the choice of surrogate model used: the 

Tree-Based Pipeline Optimisation Tool (TPOT) (Olson et al., 2016) was used in the in Bennett (2019) 

and Baheerathan & Bennett (2019) studies, while Random Sampling-High Dimensional Model 

Representation (RS-HDMR) was used in calibrating this model. The RS-HDMR surrogate model was 

allowed for computational efficiencies to be gained in the water quality calibration process. 

 

3.7 Change model build 

One of the key motivations for building the fine-scale JT model was to provide a “local” model to 

simulate the end-of-catchment water quality response, post-implementation, of the array of MIPS 

demonstration site treatments and catchment repair projects (e.g. wetlands and bioreactors).  

The ‘change’ model in this report refers to the model that incorporates the simulated impacts due to 

the demonstration farm services activities (Table 5) and the catchment repair sites (Table 6). It is 

important to note that not all of the trials were able to be incorporated into the change model. Projects 

were included based on the suitability of the trial to be modelled and data availability for each site at 

the time of reporting. 

These changes include: 

• APSIM ‘change case’ simulations from selected MIP farm services sites for improved 
management practices (fine sediment and DIN impacts);  

• Estimated treatment efficacy from selected MIP bioreactor sites (DIN impacts only); and 

• Estimated treatment efficacy from selected MIP wetland sites (DIN impacts only). 

A map showing locations of key farm services and catchment repair sites is in Figure 4. The map also 

contains some sites that are not included in the change model scenario. 

 

 
2 Dissolved inorganic phosphorous (DIP) denoted as ‘FRP’ in the GBR Dynamic Sednet software.  
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Figure 4: MIP farm services, bioreactor and wetland remediation areas relative to modelled 

subcatchment boundaries (not all sites included) 
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3.7.1 Trials of improved sugarcane management for farm services sites 

(APSIM) 

Five demonstration trials of land management practices designed to reduce off-farm pollutant runoff 

from sugarcane were simulated using APSIM (Shaw, 2020). Due to insufficient data, not all MIP 

project sites could be incorporated in the change model. Detailed information on the farm services 

sites that could be simulated in the paddock models are provided in the accompanying MIP paddock 

modelling report (Shaw, 2020). The relevant subcatchments and their areas in the JT catchment 

model affected by APSIM change simulations are shown in Table 5. The constituents targeted in the 

APSIM change simulations are fine sediment and DIN (refer Shaw, 2020) . 

 

Table 5: JT model subcatchments affected by changes in APSIM simulations due to farm 

services improved management practices 

Region MIP Project ID 

JT model 

subcatchment 

affected 

Area within 

subcatchment 

affected by APSIM 

changes (ha) 

EOS modelled element 

Johnstone  FS-J1 SC #455 7.3 SP_downstream1120054 

Johnstone FS-J10 SC #051 3.0 SP_downstream1120054 

Johnstone FS-J10 SC #053 1.1 SP_downstream1120054 

Tully FS-T1b SC #441 1.6 SP_SC #272 

Tully FS-T1b SC #442 3.0 SP_SC #272 

Tully FS-T2 SC #411 5.0 SP_SC #272 

Tully FS-T2 SC #412 4.0 SP_SC #272 

Tully FS-T3 SC #272 0.6 SP_SC #272 

Tully FS-T3 SC #273 172.9 SP_SC #272 

Tully FS-T3 SC #274 2.5 SP_SC #272 

Tully FS-T3 SC #446 7.8 Generated node name #453 

 

In terms of input into the catchment model, APSIM simulation time series were incorporated directly 

into the catchment model for the relevant subcatchments. This is the same process that is used when 

updating paddock simulations for the P2R report card models.  

  



29 
 

 

3.7.2 Catchment repair sites 

The change model also includes the impact to water quality (DIN only) from catchment repair sites 

listed in Table 6.  

Photos of bioreactor BR01 and wetland CW03 are in Figure 5 and Figure 6). 

 

Table 6: Catchment repair sites modelled in the 'Change' scenario model 

Region Type MIP project ID 
JT model subcatchment 

affected 

Johnstone Bioreactor BR01 SC #189 

Tully Bioreactor BR02 SC #431 

Tully Bioreactor BR03 SC #273 

Johnstone Bioreactor BR05 SC #057 

Johnstone Bioreactor BR06 SC #216 

Johnstone Bioreactor BR07 SC #009 

Johnstone Constructed wetland CW01 SC #015 

Johnstone Constructed wetland CW02 SC #194 

Tully Constructed wetland CW03 SC #282 

Tully Landscape wetland LW01 SC #441 

NOTE: BR04 is located outside the boundary modelled by the JT catchment model and is not included. 

 

 

 

Figure 5: Photograph of bioreactor BR01 under construction (photo courtesy of S.Argent) 
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Figure 6: Photograph of wetland CW03 (photo courtesy of S.Argent) 

 

To model the efficacy of the catchment repair sites, the findings from two reports summarising the 

findings from the bioreactor sites (Manca & Grace, 2020) and wetlands (Adame et al., 2020) for the 

first two years of monitoring were used. A number of assumptions and simplifications were made in 

order to represent the impact of catchment repair sites in the catchment model.  

 

A mean nitrogen removal efficiency (NRE) for each bioreactor was obtained from Manca & Grace, 

(2020). In this study, the authors used measured MIP bioreactor influent and effluent nitrate NO3
- 

concentrations to calculate the NRE according to the equation:  

NRE (%) = 100 x 
(NO3

−in)− (NO3
−out)

NO3
−in

 [1]  

where NO3
-
in and NO3

-
out (mg N L-1) are the influent and effluent NO3- concentrations, respectively. 

(Manca & Grace, 2020) 

 

While the NRE has shown to vary over time (Manca & Grace, 2020), mean values were used for 

simplicity. The NRE values applied in this modelling exercise for each bioreactor are shown in Table 

7. For wetlands, an NRE of 35% was recommended (F. Adame, personal communication, September 

15, 2020) and assumed for all the wetlands based on the limited data available at the time of 

reporting. Noting, this may be a conservative figure and NRE values can be adjusted to be more site 

specific as data becomes available. 

The NRE of wetlands can be highly variable as it depends on multiple factors including hydraulic 

retention time (HRT), water level, and presence or absence of aquatic vegetation. For example, 

modelling and field studies have found that the NRE of wetlands was higher during dry periods than 

during wet periods because episodic water pulses during wet periods make nutrient attenuation more 

difficult due to low HRT (Adyel et al., 2016; Chaubey et al., 2010; Raisin et al., 1997). The opposite 

can occur in vegetated wetlands, where low water levels expose the littoral zone and desiccates 
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macrophytes. As macrophytes die and decompose, they no longer sequester nutrients and become a 

nutrient source (Lu et al., 2018). In addition, macrophytes can promote thermal stratification of the 

water column (Vilas et al., 2017) and the subsequent release of nutrients such as phosphorous from 

the sediments (Vilas et al., 2018).  

Early results for a number of the Johnstone and Tully wetlands are encouraging as data suggests the 

wetlands are performing well during events and dry periods. Specifically, the results from a number of 

sites are suggesting that denitrification occurs even under shallow water conditions and due to the 

presence of high levels of organic matter, which enable the anoxic conditions required for 

denitrification to occur. Recent work in the shallow melaleuca wetlands in the Wet tropics has also 

shown that denitrification was the main nutrient removal process. Hence, some differences may be 

occurring between wetland responses to low water levels in temperate zones compared to those in a 

wet tropical environment. Further monitoring will help clarify this. 

The complexity of these interactions meant that this variability was difficult to account for in this 

modelling exercise. It is worth noting that in the long-term, restoration of the wetlands is required to 

maintain their function. Unfortunately many wetlands are poorly operated and maintained after 

installation (Liu et al., 2017). Due to the many complex interactions, these structures may not always 

lead to the desired or anticipated level of water quality outcome. Therefore, ensuring wetlands are 

appropriately managed to maximise ongoing/long-term efficiency is essential. To address the 

management aspect, the WTMIP team are working proactively with farmers to identify the 

management mechanisms required. 

 

Additional modelling assumptions include the following: 

• Bioreactor treatment volumes were estimated using the dimensions provided in Manca & 
Grace (2020) and by assuming a woodchip porosity of 0.75; 

• Wetland treatment volumes were estimated from Adame et al., (2020);  

• BR01, BR02, and BR07: 100% of the reactor volume is available to treat subsurface load 
only. The treated load varied as a function of the reactor volume (S. Argent, personal 
communication, September 15, 2020); 

• BR03, BR05, BR06, CW01, CW02, CW03, and LW01: For the catchment repair sites that 
treat both surface and subsurface loads (S. Argent, personal communication, September 15, 
2020), information on how these loads are partitioned was not available at the time of this 
report. Therefore, it was assumed that: 

o two-thirds of the reactor or wetland volume is available to treat the surface load; and 

o one-third of the reactor or wetland volume is used to treat the subsurface load.  

o In this way, treated surface and subsurface load varied as a function of 2/3 and 1/3 of 
the reactor or wetland volumes, respectively. 

• A hydraulic retention time (HRT) of one day was assumed as there was insufficient 
information to calculate time series of HRT (e.g. changes in volume and inflow over time). (F. 
Adame, personal communication, September 15, 2020). 
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Table 7: Assumptions and properties of bioreactors and wetlands modelled in the JT 

catchment model 

Site ID Description 
Flow type 

treated 

Target land 

use 

Average 

NRE (%)* 

Volume 

(m3) 

Inflow 

Area 

(ha) 

JT 

model 

SC 

affected 

BR01 
Bioreactor 

site 
sub-surface 

only 
Cane 100 45.675 1.32 SC #189 

BR02 
Bioreactor 

site 
sub-surface 

only 
Cane 52 11.25 9.70 SC #431 

BR03 
Bioreactor 

site 
surface + 

sub-surface 
Cane 39 3 2.48 SC #273 

BR04 Not modelled. Located outside of model boundary. 

BR05 
Bioreactor 

site 
surface + 

sub-surface 
Cane 58 5.4 7.92 SC #057 

BR06 
Bioreactor 

site 
surface + 

sub-surface 

Cane (75%) 
+ 

Conservation 
(25%) 

36 6.75 29.28 SC #216 

BR07 
Bioreactor 

site 
sub-surface 

only 
Cane 41 15.3 7.27 SC #009 

CW01 
Constructed 

Wetland 
surface + 

sub-surface 
Cane 35 1200 18.22 SC #015 

CW02 
Constructed 

Wetland 
surface + 

sub-surface 
Cane 35 14000 14.62 SC #194 

CW03 
Constructed 

Wetland 
surface + 

sub-surface 
Banana 35 4800 36.71 SC #282 

LW01 
Landscaped 

Wetland 
surface + 

sub-surface 

Cane (80%) 
+ 

Conservation 
(20%) 

35 42500 368.45 SC #441 

* Values taken from Manca & Grace, (2020) for bioreactor sites. Assumed NRE of 35% used for wetlands (F. 
Adame, personal communication, September 15, 2020) 
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4 Baseline model results and discussion 

4.1 Evaluation of hydrology at daily time step 

The foundation for the water quality model is the hydrology model, which needs to be built prior to 

developing the constituent model. 

Hydrology was evaluated at the selected hydrology gauges for the following time periods: 

a) All available observed data points in the period 1 January 1970 to 30 December 2019, and  

b) The model run period 1 July 1986 to 30 June 2018.  

Observed data points were required to meet quality code criteria (< 60 according to the DNRME water 

monitoring quality) for inclusion (Department of Natural Resources and Mines., 2016). 

The time span in (a) above will be referred to as the “extended time span”, and (b) as the “model run 

period” time span. Evaluation for the extended time span was undertaken to give a measure of 

reliability in modelled hydrology performance for two reasons: 

1. To facilitate a comparison between observed data collected from the MIPS stream monitoring 

sites; and  

2. To support future requests for modelled stream discharge from the Johnstone-Tully 

catchments for purposes such as loads calculations and input into other WT MIPS models 

(e.g. wetland models).  

The model performance was assessed using the following quantitative criteria in Table 8 (Moriasi et 

al., 2015). Qualitative assessments, as recommended by Moriasi et al. (2015), using scatter plots and 

flow duration curves were also undertaken to assess the performance of the calibrated models. 

Performance evaluation criteria at the daily time step are provided for flow for each of the performance 

measures. This section covers hydrological performance at the daily scale, while modelled flow 

performance will be discussed in section 4.2 of the report on annual loads. 

Table 9 and Table 10 show the hydrology performance measures for the (daily) extended time span, 

and the modelled time span, respectively. Both time spans show that there are “good” and “very good” 

ratings between observed and modelled flows for all hydrological sites, except for the Tully Gorge site 

(113015A).  

As previously mentioned in section 20 of the report, from analysis on the P2R WT model, there is a 

known issue of under prediction in flows for the Tully system, particularly at the upstream site Tully 

Gorge National Park (113015A). The flow under prediction is suspected to be due to a shortfall in 

rainfall input data. This is discussed further in section 4.2.3 of the report. 
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Table 8: Recommended performance evaluation criteria for watershed model performance 

Performance 

measure 

Output 

response 

Temporal 

scale(a) 

Performance evaluation criteria 

Very good Good Satisfactory Unsatisfactory 

R2 

Flow(b) D-M-A R2 >0.85 0.75 < R2 ≤ 0.85 0.60 < R2 ≤ 0.75 R2 ≤ 0.60 

Fine 
sediment/

P(c) 
M R2 >0.8 0.65 < R2 ≤ 0.80 0.40 < R2 ≤ 0.65 R2 ≤ 0.40 

N M R2 >0.7 0.60 < R2 ≤ 0.70 0.30 < R2 ≤ 0.60 R2 ≤ 0.30 

NSE 

Flow D-M-A NSE > 0.80 0.70 < NSE ≤ 0.80 0.50 < NSE ≤ 0.7 NSE ≤ 0.5 

Fine 
sediment 

M NSE > 0.8 0.70 < NSE ≤ 0.8 0.45 < NSE ≤ 0.70 NSE ≤ 0.45 

N/P(c) M NSE > 0.65 0.50 < NSE ≤ 0.65 0.35 < NSE ≤ 0.50 NSE ≤ 0.35 

PBIAS (%) 

Flow D-M-A PBIAS < ±5 ±5 ≤ PBIAS < ±10 ±10 ≤ PBIAS < ±15 PBIAS ≥ ±15 

Sediment D-M-A PBIAS < ±15 ±15 ≤ PBIAS < ±20 ±20 ≤ PBIAS < ±30 PBIAS ≥ ±30 

N/P(c) D-M-A PBIAS < ±15 ±15 ≤ PBIAS < ±20 ±20 ≤ PBIAS < ±30 PBIAS ≥ ±30 

(Moriasi et al., 2015) 
(a) D, M, and A denote daily, monthly and annual temporal scales, respectively. 
(b) Includes stream flow, surface runoff, base flow and tile flow, as appropriate, for watershed- and field-

scale models. 
(c) Where there were no differences, performance evaluation criteria were grouped for output responses. 
(d) N/P denotes forms of Nitrogen and Phosphorus including totals.  

 

Table 9: Hydrology performance statistics at key hydrology sites for extended time span 

Gauge Start date End date 

Number of daily data 

points meeting 

quality criteria 

R2 Daily NSE 
PBIAS 

(%) 

112003A 1/01/1970 10/01/2019 17696 0.86 0.85 0.93 

112004A 1/01/1970 31/12/2019 17986 0.92 0.92 -0.42 

112101B 10/10/1974 31/12/2019 16370 0.87 0.87 -0.19 

112102A 27/05/1970 31/12/2019 17863 0.86 0.85 4.29 

113004A 1/01/1970 31/12/2019 17288 0.81 0.75 -13.21 

113015A 25/12/2009 31/12/2019 3641 0.74 0.67 -28.91 

113006A 13/04/1972 29/07/2019 16924 0.84 0.83 -1.20 

 
Performance evaluation rating key: 

Very good Good Satisfactory Unsatisfactory 

 

The hydrology comparison plots for South Johnstone River at Upstream Central Mill (112101B) are 

shown in Figure 7 and Figure 8 for the extended time span. Visual inspection of the plots is consistent 

with the quantitative performance measures in Table 9. 

All the daily hydrology comparison statistics and plots can be found in Appendix B and Appendix C for 

the extended time span, and the model run period, respectively. 
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Figure 7: Comparison of observed vs. modelled hydrology for station South Johnstone at 

Upstream Central Mill (112101B) for extended time span 

 

 

Figure 8: Flow duration curve for station South Johnstone at Upstream Central Mill (112101B) 

for extended time span 
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Table 10: Hydrology performance statistics at key hydrology sites for model run span 

Gauge Start date End date 

Number of daily data 

points meeting 

quality criteria 

R2 Daily NSE 
PBIAS 

(%) 

112003A 1/07/1986 30/06/2018 11555 0.84 0.84 -2.57 

112004A 1/07/1986 30/06/2018 11688 0.92 0.92 -1.73 

112101B 1/07/1986 30/06/2018 11615 0.87 0.87 -2.08 

112102A 1/07/1986 30/06/2018 11646 0.87 0.87 1.71 

113004A 1/07/1986 30/06/2018 11502 0.84 0.76 -11.21 

113015A 25/12/2009 30/06/2018 3093 0.75 0.70 -25.50 

113006A 1/07/1986 30/06/2018 11338 0.84 0.84 -2.57 

 
Performance evaluation rating key: 

Very good Good Satisfactory Unsatisfactory 

 

The Tully Gorge site has the shortest amount of available observed data of the gauges. It was 

included in the hydrology calibration and analysis due to also serving as a GBRCMLP water quality 

site and being important to quantifying the constituent loads from conservation and forestry land uses.  

At Tully Gorge (113015A), the flow is under predicted by approximately 29% for the extended time 

span and 25% for the modelled run span (Table 10, Figure 11, Figure 12). The Cochable Creek at 

Powerline (113004A) (see Figure 9, Figure 10) is directly upstream of the Tully Gorge (113015A) site 

and shows an under prediction (negative pbias) in flow (Figure 10), although, not as pronounced as at 

the Tully Gorge (113015A) site (Figure 12). The flow duration curves in Figure 10 and Figure 12 

provide a good visual depiction of the under prediction in flows and the flow regimes in which they 

occur (typically under low flow conditions). 

However, because the purpose of the model is to predict relative changes in average annual loads 

due to changes from demonstration site interventions, the under prediction of flow does not impact on 

the relative change as hydrology is the same in both the baseline and change models. The under 

prediction in flows at Tully Gorge (113015A) has also been considered during the water quality build to 

ensure modelled loads at the Tully end-of-system (EOS) (113006A) are as reliable as possible.  

All the demonstration sites in the Tully region are located much further downstream of the Tully Gorge 

site (113015A), with the majority situated in the Lower Tully region (refer Figure 23, discussed in 

section 4.2). The Tully River at Euramo (113006A) hydrology is in good agreement with the observed 

data (refer Figure 13, Figure 14). 
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Figure 9: Comparison of observed vs. modelled hydrology for station 113014A for model run 

period 

 

 

Figure 10: Flow duration curve for station Cochable Creek at Powerline (113004A) for model 

run period 
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Figure 11: Comparison of observed vs. modelled hydrology for station Tully River at Tully 

Gorge National Park (113015A) for model run period 

 

 

Figure 12: Flow duration curve for station Tully River at Tully Gorge National Park (113015A) 

for model run period 
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Figure 13: Comparison of observed vs. modelled hydrology for station Tully at Euramo 

(113006A) for model run period 

 

 

Figure 14: Flow duration curve for station Tully at Euramo (113006A) for model run period 
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4.2 Comparison of model performance against GBRCLMP annual 
loads data 

The model’s capacity to simulate fine sediment, particulate and dissolved nutrient export was 

assessed by comparing the model results against monitoring data such as the loads estimated by the 

Great Barrier Reef Catchments Loads Monitoring Program (GBRCLMP) (Turner et al., 2013).  

Metrics by Moriasi et al. (2015) were applied to quantitatively assess the performance of the model. 

The PBIAS performance measure can be applied for all constituents at an annual scale, as can R2 

and NSE for flow. However, Moriasi et al. (2015) recommends that sediment and nutrient ratings for 

the R2 and NSE be assessed at a monthly timescale. In the absence of an alternative method for 

rating model performance, the monthly performance ratings have been applied at an annual scale 

(refer Table 8). This approach is consistent with that adopted for the P2R catchment models 

(McCloskey, 2017). 

The modelling requirement is for relative change in terms of average annual loads due to MIPS 

demonstration site treatments/interventions to be estimated. The constituents of concern addressed in 

the paddock-scale modelling (which are then transferred to the catchment model) are fine sediment 

and DIN. 

Performance statistics for the water quality gauges for flow, fine sediment and DIN are shown in the 

tables within this report section. Plots comparing annual loads for both the P2R RC2017/2018 WT 

model and the newly developed finer-scale JT MIPS model are also provided for these constituents of 

interest. 

Maps showing the land use upstream of the GBRCLMP gauges can be found in Appendix D. 

Comparisons showing the JT model performance to estimate loads on an average annual basis are 

also discussed for each of the GBRCLMP water quality gauges.  

The performance statistics and plots can also be found in Appendix E and Appendix F.  

 

4.2.1 North Johnstone at Old Bruce Highway Bridge (1120049) 

The metrics in Table 11 assess how well the model estimates flow, fine sediment and DIN export on 

an annual basis at North Johnstone River Old Bruce Highway Bridge (1120049). Except for NSE, all 

metrics are ‘satisfactory’, ‘good’ or ‘very good’.  

NSE is sensitive to extreme values due to the squared differences (Krause et al., 2005). Inspecting 

the fine sediment plot in Figure 16 shows that the model under predicts the fine sediment load for 

North Johnstone River (1120049) in the 2010-2011 and 2017-2018 water years. The average annual 

flow is also very slightly under predicted (Figure 15), but the fit is better than the P2R WT model. 

To achieve a good average annual estimate for fine sediment, the model compensates for these 

extreme loads by over-estimating fine sediment loads in the lower load water years (Figure 16).  
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Table 11: Performance statistics for North Johnstone at Old Bruce Highway Bridge (1120049) 

at annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

Flow 0.98 Very good 0.92 Very good -5 Good 

Fine sediment 0.54 Satisfactory 0.4 Unsatisfactory 0 Very good 

DIN 0.75 Very good 0.69 Very good 0 Very good 

 

 

 

Figure 15: Annual flow comparison for WT P2R model and JT MIPS model against monitored 

data for North Johnstone River at Old Bruce Highway Bridge (1120049) 

 

 

 

Figure 16: Fine sediment comparison for WT P2R model and JT MIPS models against 

GBRCLMP monitored data for North Johnstone River at Old Bruce Highway Bridge (1120049) 
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The individual performance statistics for metrics R2, NSE and pbias for modelled versus observed DIN 

at North Johnstone Old Bruce Highway Bridge (1120049) are all rated ‘very good’ (Table 11). Figure 

17 shows the JT modelled annual DIN load in tonnes, compared to the WT P2R RC2017/2018 model 

and the observed load. The JT modelled annual loads and average annual load show a good fit.  

 

 

Figure 17: Dissolved inorganic nitrogen (DIN) comparison for WT P2R model and JT MIPS 

models against GBRCLMP monitored data for North Johnstone River at Old Bruce Highway 

Bridge (1120049) 

 

The average annual comparison for all constituents between observed and modelled loads is shown 

in Figure 18. All modelled average annual loads are within 10% of the monitored data; and is 

considered suitable for the modelling purpose. 
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Figure 18: Comparison of average annual loads for North Johnstone River at Old Bruce 

Highway Bridge (1120049) 

 

4.2.2 South Johnstone at Central Mill (112101B) 

For the South Johnstone at Central Mill (112101B) site, metrics to assess flow, fine sediment and DIN 

are all rated ‘good’ or ‘very good’ (Table 12). Modelled annual and average annual flow for the JT 

model is quite good and similar to the fits achieved by the WT P2R model (Figure 19). The predicted 

average annual load for DIN in the JT catchment model is slightly lower than that simulated by the WT 

P2R model. This is due to adjustment of the DIN EMC/DWC for conservation and forestry land uses to 

slightly lower values, which are more in line with measurements in the literature (refer Appendix A for 

details). As with the North Johnstone (1120049) site, the South Johnstone (112101B) modelled fine 

sediment under predicts the measured load in the 2010-2011 and 2017-2018 water years, however, 

achieves a good average annual fine sediment load fit, with performance metrics being ‘good’ and 

‘very good’ (Table 12, Figure 19).  

Overall, the model achieves good agreement on an annual and average-annual basis for the South 

Johnstone site and meets the modelling requirement (Figures 19 to 22). 

 

Table 12: Performance statistics for South Johnstone at Central Mill at annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

Flow 0.98 Very good 0.93 Very good -7 Good 

Fine sediment 0.94 Very good 0.77 Good 1 Very good 

DIN 0.94 Very good 0.82 Very good -15 Good 

 

 



44 
 

 

 

 

Figure 19: Annual flow comparison for WT P2R model and JT MIPS model against monitored 

data for South Johnstone at Upstream Central Mill (112101B) 

 

 

Figure 20: Fine sediment comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for 112101B 
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Figure 21: Dissolved inorganic nitrogen (DIN) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for South Johnstone at Upstream Central Mill 

(112101B) 

 

 

Figure 22: Comparison of average annual loads for South Johnstone River at Upstream Central 

Mill (112101B) 
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4.2.3 Tully Gorge National Park (113015A) 

The performance statistics, and annual comparison plots for Tully Gorge (113015A) are shown in 

Table 13, and Figures 24 to 27. 

As previously mentioned, there is a suspected issue of rainfall inputs in the upper Tully reach resulting 

in an under prediction in modelled flow of around 28% at the Tully Gorge (113015A) site (refer to 

pbias in Table 13). Due to this under prediction, the water quality parameters in the Tully have been 

regionalised into two areas (catchments above 113015A; and catchments below 113015A) to ensure 

modelled loads are sufficient at the Gorge site to provide acceptable predictions at the Tully Euramo 

end-of-system (EOS) (113006A) site.  

Approximately 96% of the land-use upstream of the Tully Gorge (113015A) site is categorised as 

conservation and forestry, with no cropping (sugarcane and banana) land uses present above this site 

(refer Figure 23(a)). All of the demonstration sites in the Tully occur in the lower Tully reach adjacent 

to sugarcane and banana functional units, and closer to the EOS (see Figure 23(b)). 

 

Table 13: Performance statistics for Tully River at Tully Gorge National Park (113015A) at 

annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

Flow 0.96 Very good 0.43 Unsatisfactory -28 Unsatisfactory 

Fine 
sediment 

0.83 Very good 0.67 Satisfactory 0 Very good 

DIN 0.85 Very good 0.71 Very good -18 Good 
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Figure 23: Maps showing land use (a) upstream of Tully Gorge National Park (113015A) site; 

and (b) between Tully Gorge National Park (113015A) and Tully at Euramo (113006A) sites 

 

As part of the process for building the JT catchment model, the latest available SILO climate data 

were extracted to allow for various stages of the build (hydrology calibration, hydrology extension and 

evaluation) on the assumption that more recent datasets are improvements on previous sets. The 

SILO extractions occurred in October 2019, January 2020 and April 2020. Some differences between 

the rainfall data used in the WT model and that in the JT model were observed, which are thought to 

account for the reductions in modelled annual flow in the JT model compared to the P2R WT model. 

Generally, the more recent SILO interpolations have reduced rainfall estimates which is thought to be 

the main reason for underestimation in modelled flows at the Tully Gorge (113015A) site compared to 

both the measured and WT P2R modelled flows (refer Figure 24).  

  

(a) (b) 
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Internal investigations confirmed that SILO data is constantly evolving and differences in datasets are 

expected (S. Jeffrey, personal communication, 31 December, 2019).  

Some of the reasons for these changes are listed below: 

1. The observed data change: 
This can happen if the Bureau of Meteorology: 

a. withdraw data (e.g. they determine a given observation was erroneous) 
b. flag a given value as being potentially erroneous, in which case SILO will retain the 

value but it will not be used in SILO products 
c. additional observations become available: 

i. the observational datasets change rapidly in the months following the day of 
observation. It can take several months for the data recorded at some 
stations to be electronically available. SILO updates the last 12 months of 
many of its datasets every night to accommodate the gradual accumulation of 
observations for a given day and variable. 

ii. the observational datasets for early years (typically between 1880 – late 
1900s) occasionally change. The Bureau still have old paper records which 
have not been digitised, so new data can become available for historical 
periods. 

2. The station locations change: 
a. This occurs when the latitude and/or longitude of a station is updated. The 

coordinates of recording stations were not recorded accurately in the early years and 
there are still a lot of old stations with incorrect or inaccurate locations. The 
coordinates of a given station are updated when an incorrect/inaccurate latitude 
and/or longitude and/or elevation are discovered and this can occur at any time. SILO 
cannot take such changes into account immediately because it would require 
recomputing nearly the entire dataset, so the changes are only incorporated into old 
datasets (i.e. datasets created before the coordinates of the given station were 
updated) when the entire SILO system is updated (typically every year or two). The 
changes will however be incorporated immediately into all new datasets (i.e. those 
created after the coordinates of the given station were updated). 

3. SILO methods change: 
a. The most common change occurs when we recompute parameters used when 

interpolating monthly rainfall.  

 (S. Jeffrey, personal communication, 31 December, 2019) 

 

The rainfall issue in the Tully is currently subject to investigation and will be addressed in future model 

improvements, as new data becomes available.  
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Figure 24: Flow comparison for WT P2R model and JT MIPS model against monitored data for 

113015A 

 

 

Figure 25: Fine sediment comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for 113015A 
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Figure 26: DIN comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for 113015A 

 

 

Figure 27: Comparison of average annual loads for Tully River at Tully Gorge National Park 

(113015A) 
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4.2.4 Tully River at Euramo (113006A) 

The performance statistics and comparison plots for Tully Euramo (113006A) are shown in Table 14, 

and Figures 28 to 31. All metrics are ‘satisfactory’, ‘good’ or ‘very good’, apart from for the DIN NSE 

rating which is rated ‘unsatisfactory’. Despite this, the model estimates given by the JT MIPS model at 

the Tully Euramo (113006A) site are comparable to or slightly better (e.g., average annual load 

estimate of DIN) than those derived in the P2R WT model (refer Figure 30). Average annual load 

estimates are all within 10% of the monitored data.  

 

Table 14: Performance statistics for Tully River at Euramo (113006A) at annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

Flow 0.94 Very good 0.8 Good -12 Satisfactory 

Fine 
sediment 

0.79 Good 0.77 Good 3 Very good 

DIN 0.55 Satisfactory 0.34 Unsatisfactory -9 Very good 

 

 

 

 

 

Figure 28: Flow comparison for WT P2R model and JT MIPS model against monitored data for 

Tully at Euramo (113006A) 
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Figure 29: Fine sediment comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for Tully at Euramo (113006A) 

 

 

Figure 30: DIN comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for Tully at Euramo (113006A) 
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Figure 31: Comparison of average annual loads for Tully River at Euramo EOS (113006A) 

 

From analysis of measured versus modelled annual and average annual loads data, as well as 

comparison with the existing P2R Wet Tropics model, the Johnstone-Tully model is assessed as being 

suitable for use in estimating the relative change in loads over a long-term modelling period (reported 

as change in average annual load) due to demonstration site and catchment repair projects.  
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4.3 Comparisons with raw concentrations data 

Assessing water quality model performance is typically undertaken as outlined in section 4.2 through 

comparisons of annual and average annual loads. The MIPS monitoring program, in conjunction with 

the GBCRLMP monitoring, provides an opportunity to compare monitored and modelled data at a finer 

resolution. The following section provides examples of the modelled and monitored results. The 

results are encouraging and highlight the value of collecting local data to improve model performance.  

 

4.3.1 Comparison with GBRCLMP raw concentrations data 

Comparisons with the GBRCLMP raw concentrations data (sediment and DIN), as well as the MIPS 

stream monitoring data (section 4.4) were carried out to refine some model parameters such as 

EMC/DWC values. 

Keeping the primary modelling purpose and requirements in mind, the model is not designed to 

simulate responses at sub-annual time scale, nor in “real-time”.  

Many assumptions and necessary simplifications are made in developing both the paddock and 

catchment models, particularly in the temporal sense when data is unavailable (e.g. timings for 

application of fertilisers). Therefore, it is more appropriate to compare concentration distributions, 

rather than expecting the model to reliably simulate daily concentrations. 

Plots showing the distribution of modelled concentrations compared to GBRCLMP monitored 

concentrations for fine sediment and DIN can be found in Appendix G. In general, the modelled 

concentration distributions are quite similar to the observed concentration distributions, which is very 

encouraging. 

Some examples of GBRCLMP concentration comparisons are provided below.  

Modelled and measured concentration distributions for fine sediment at North Johnstone River 

(1120049) are shown in Figure 32. At the very low range of measured concentrations, the modelled 

concentration values are generally higher. This is apparent particularly when inspecting the box and 

whisker plots in Figure 32. There are also some extremely high concentrations in the observed data 

that appear as outliers in the dataset and are not covered in the modelled concentrations. The 

measured and modelled concentrations within the middle of the range show good 1:1 fits.  

In Figure 33, the modelled concentrations for DIN at Tully Gorge National Park (113015A) also show 

the limitations in the model in estimating the outlier concentration values from the measured data. As 

previously mentioned, 96% of the upstream contributing land use at Tully Gorge (113015A) is 

conservation and forestry. The DIN generation model for these land uses is a simple EMC/DWC, and 

is an example where the monitored data was used to provide suitable parameter values for the model. 
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Figure 32: Distributions of modelled fine sediment concentration (mg/L) compared to 

GBRCLMP concentrations at North Johnstone River (1120049) site 

 

 

 

Figure 33: Distributions of modelled DIN concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 
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4.4 Comparison with MIPS stream monitoring concentrations 

Again, the model is not designed to simulate responses at sub-annual time scale, nor in “real-time”. 

However, simulations from catchment models are sometimes used – in an operational sense – to 

provide some modelled data when monitored data is not available. In these instances, clear 

statements around the model assumptions and limitations must be provided to safeguard against 

misuse and misinterpretation of the modelled results.  

Comparisons to concentrations recorded by the MIPS stream monitoring team were made to refine 

some model parameters such as EMC and DWC values, and have been provided in this report to 

explore the model’s potential suitability for other purposes.  

At the time of this report, MIPS stream monitoring data (“LSM routine grab samples”, data extracted 

and provided by Alicia Buckle (Terrain) on 22 January 2020) contain concentration samples from 

October 2018 to December 2019. A limited number of samples, including event-based sampling, were 

taken (according to the data) within this period.  

The MIPS stream monitoring sites are shown in Figure 34 and Figure 35 for the Johnstone and Tully, 

respectively (also shown in Appendix H). 

The MIP stream monitoring locations (denoted by Terrain’s ‘MIP LSM’ naming convention) and details 

are shown in Table 15. The accuracy at which modelled subcatchments, links and nodes are 

generated within the eWater Source platform is limited by the resolution of the input DEM.  

The best available complete DEM covering the Johnstone-Tully area was used to generate the model 

network (refer section 3.1). The JT model subcatchment boundaries were then reviewed using higher-

resolution LiDAR DEM (where available), imagery and watercourse mapping to determine whether 

sites are appropriately represented in the model, and to identify limitations in the modelled outputs. 

From Table 15, the majority of MIP LSM sites (21 out of 26 sites) could be represented in the model in 

some capacity: 

• 11 sites are suitable for both loads and concentration comparisons; 

• 10 sites for concentration comparisons but not loads due to slight differences between 
modelled and actual upstream contributing areas; and 

• 5 sites have no relevant catchment model representation 

o Some sites such as MIP LSM J8, MIP LSM T6, MIP LSM T7 appear to be either on a 
drainage line and not a stream, or measuring paddock-scale runoff. 

o Other sites such as MIP LSM T4 have a given upstream land use description that 
does not match the land use in the model. 
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Table 15: MIPS stream monitoring locations and comments around representation in the JT 

catchment model 

MIP Sites 

Description of 

upstream land 

use provided by 

Terrain 

Element in the model Comments 

MIP LSM J1 Cane instream node - MIP LSM J1 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  

MIP LSM J2 Mixed land use instream node - MIP LSM J2 Suitable for loads comparisons. 

MIP LSM J3 Mixed land use instream node - MIP LSM J3 Suitable for loads comparisons. 

MIP LSM J4 

Mixed land use, 
including 
substantial 
banana 

instream node - MIP LSM J4 Suitable for loads comparisons. 

MIP LSM J5 Urban 
Alternative model recording. 
Urban land use at SC #056. 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  

MIP LSM J6 
Mixed land use, 
dominated by 
cane 

instream node - MIP LSM J6 Suitable for loads comparisons. 

MIP LSM J7 
Mixed land use, 
dominated by 
cane 

instream node - MIP LSM J7 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  

MIP LSM J8 
Rural residential, 
natural and quarry 

No model representation. 
Site appears to be downstream of a quarry 
and not a stream location (perhaps a 
drainage feature). Avoid comparisons. 

MIP LSM J9 
Grazing but with 
some banana and 
cane. 

Generated link name #67 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates. Query on upstream land use 
description. 

MIP LSM J10 Rainforest instream node - MIP LSM J10 Suitable for loads comparisons. 

MIP LSM J11 
Dominated by 
rainforest 

Generated link name #468. Suitable for loads comparisons. 

MIP LSM J12 Grazing instream node - MIP LSM J12 Suitable for loads comparisons. 

MIP LSM J13 Mixed instream node - MIP LSM J13 Suitable for loads comparisons. 

MIP LSM J14 Mixed land use Generated link name #53 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  
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MIP Sites 

Description of 

upstream land 

use provided by 

Terrain 

Element in the model Comments 

MIP LSM T1 
Upper catchment 
and rainforest 

instream node - 113015A also 
named MIP LSM T1 in model. 

Suitable for loads comparisons. 

MIP LSM T2 Rainforest 
Alternative recording SC#471 
conservation FU. 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  

MIP LSM T3 Banana 
Alternative recording, SC 
#319 banana FU. 

Concentrations comparisons can be made.  

However, no monitoring data was 
provided for this site. 

MIP LSM T4 Grazing No model representation.  
MIPS monitoring notes this as a grazing site, 
however, conservation land use is upstream 
of this location. Avoid comparisons. 

MIP LSM T5 Rainforest  No model representation.  

MIP LSM T6 Cane 
 No model representation. 
Appears to be paddock-scale 
site. These appear to be paddock-scale drainage 

feature sites Not suitable for comparison with 
catchment model elements.  

MIP LSM T7 Cane 
 No model representation. 
Appears to be a paddock-
scale site. 

MIP LSM T8 Cane MIP LSM T8 

Noted by MIPS monitoring as a sugarcane 
site, however, rainforest appears to be 
upstream of the location. 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  

MIP LSM T9 Rainforest 
Alternative recording – SC 
#475 conservation FU. 

The modelled upstream area of this site may 
not be representative of actual drainage 
area. Site may be suitable for concentration 
distribution comparisons, but not for loads 
estimates.  

MIP LSM T10 Cane instream node - MIP LSM T10 

Noted as a cane site by Terrain, but appears 
to be a mixed land use site. The modelled 
upstream area of this site may not be 
representative of actual drainage area. Site 
may be suitable for concentration distribution 
comparisons, but not for loads estimates.  

MIP LSM T11 Mixed land use instream node - MIP LSM T11 Suitable for loads comparisons. 

MIP LSM T12 
Mixed land use, 
including urban 

instream node - MIP LSM T12 Suitable for loads comparisons. 
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Figure 34: Map showing WT MIPS stream monitoring sites in the Johnstone 
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Figure 35: Map showing WT MIPS stream monitoring locations in the Tully 

 

Some sample comparison plots against MIPS stream monitoring data are shown in Figure 36 and 

Figure 37. Additional concentration comparison plots are shown in Appendix I. 

From Figure 36, the measured and modelled concentrations for DIN at MIP LSM J1 appear to be 

similar under low flow conditions, however, the figure highlights the importance of event sampling to 

capture the full range of concentrations to help inform and improve model predictions at a localised 

scale. 
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Figure 36: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J1 site 

 

In contrast to the modelled DIN concentrations at MIP LSM J1 (Figure 36), the modelled DIN 

concentrations at the MIP LSM J6 (Figure 37) show that data was collected across a range of flows 

and consequently, the model results are very encouraging. The modelled and measured 

concentrations in January 2019 match quite well. The trends (rise and fall) of concentrations are fairly 

consistent in both modelled and monitored datasets.  

   

 

Figure 37: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J6 site 

 



62 
 

 

5 Change model results and discussion: Impact of farm 
services and catchment repair activities on water quality 

As detailed in section 3.7 of the report, the change model incorporates the impacts on water quality 

due to farm services improved management practices for sugarcane (as modelled through APSIM), 

and the catchment repair sites. The farm services and catchment repair sites represented in the JT 

change model by basin are collated in Table 16. In the Johnstone basin, the impacts of two farm 

services and six catchment repair sites were modelled; while in the Tully basin, three farm services 

and four catchment repair sites were included. 

For the farm services sites, APSIM paddock modelling for fine sediment and DIN were modelled 

(Shaw, 2020) and incorporated into the catchment model. The catchment repair sites were modelled 

based on assumptions derived from Adame et al., (2020) and Manca & Grace (2020) for DIN only. 

Therefore, the relative change in fine sediment loads reported is due to solely improved sugarcane 

practices as modelled by APSIM. 

 

Table 16: Farm services and catchment repair accounted for in the JT catchment model 

 Johnstone Tully 

Farm services 

(fine sediment and DIN modelled) 

FS-J1 FS-T1b 

FS-J10 FS-T2 

 FS-T3 

Catchment repair 

(Only DIN modelled) 

BR01 BR02 

BR05 BR03 

BR06 CW03 

BR07 LW01 

CW01  

CW02  

 

 

5.1 Catchment model end-of-system results 

Maps showing the modelled EOS nodes and upstream farm services and catchment repair sites that 

contributed to the EOS relative load reductions in Table 17 can be found in Appendix J. 

The relative change in loads due to farm services and catchment repair activities at catchment end-of-

system (EOS) nodes is shown in Table 17. From the table, the largest EOS DIN reduction occurs at 

“SP_SC #272” (i.e. Supply Point on SC #272) in the Tully where three farm services sites, two 

bioreactors and one wetland have been implemented (refer Figure 38). Furthermore, the FS-T3 and 

LW01 sites are the largest farm services and wetland sites modelled, respectively, and both have 

runoff draining into the SP_SC#272 catchment node (with some runoff impacting “Generated node 

name #453” as well). 
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Table 17: Reduction in dissolved inorganic nitrogen (DIN) at catchment end-of-system due to 

farm services and catchment repair activities 

Catchment model end-

of-system node 

Relevant farm 

service and/or 

catchment repair 

site 

DIN (kg/year) 

Percent 

reduction (%) Base Change 

Generated node name 
#183  

(Johnstone) 

BR01 
151016 150786 0.15 

CW02 

SP_downstream1120054  

(Johnstone) 

FS-J1 

709326 709175 0.02 

FS-J10 

BR05 

BR07 

CW01 

SP_SC #197 

(Johnstone) 
BR06 244865 244857 < 0.01 

SP_SC #272  

(Tully) 

FS-T1b 

640982 638982 0.31 

FS-T2 

FS-T3 

BR02 

BR03 

CW03 

LW01 

Generated node name 
#453  

(Tully) 
FS-T3 43231 43216 0.03 

NOTE: FS = farm services site (paddock-scale sugarcane trial); BR=bioreactor; CW=constructed wetland; 
LW=landscape wetland  
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Figure 38: Farm services and catchment repair sites upstream of "SP_SC#272" EOS node in 

the JT catchment model 
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The relative fine sediment reduction due to farm services sites at catchment EOS nodes is shown in 

Table 18. Marginal reductions in fine sediment were achieved. The largest catchment EOS fine 

sediment reduction is 0.04% at “Generated node name #453” due to part of the land management 

practices being implemented at FS-T3. (Note, FS-T3 runoff impacts on two catchment model EOS 

nodes). 

 

Table 18: Fine sediment reduction (%) due to farm services modelled by APSIM at catchment 

EOS nodes 

Catchment model end-

of-system node 

Relevant farm 

service and/or 

catchment 

repair site 

Fine sediment (kg/year) 

Percent 

reduction (%) Base Change** 

SP_downstream1120054  

(Johnstone) 

FS-J1 
245148702 245144735 <0.01 

FS-J10 

SP_SC #272  

(Tully) 

FS-T1b 

93971927 93958359 0.01 FS-T2 

FS-T3 

Generated node name 
#453  

(Tully) 
FS-T3 1607999 1607336 0.04 

**Fine sediment changes only due to APSIM modelled farm services. Refer to Shaw, (2020). 

 

5.2 Basin level results 

In the Tully basin, a DIN reduction of 0.27% was achieved through the inclusion of the three 

demonstration sites, two bioreactors and the two wetlands (Table 19). For the much larger Johnstone 

basin, the two demonstration sites, four bioreactors, two wetlands resulted in a 0.03% DIN reduction 

(Table 19). 

 

Table 19: DIN reductions due to farm services and catchment repair activities at the basin level 

Basin 

DIN (kg/year) 
Percent 

reduction (%) 
Base Change 

Johnstone 1473744.161 1473356.164 0.03 

Tully 751199.4885 749185.3446 0.27 
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Table 20: Fine sediment reductions due to farm services activities at the basin level 

Basin 

Fine sediment (kg/year) 
Percent 

reduction (%) 
Base Change 

Johnstone 361421497.1 361417530 <0.01 

Tully 102638146.5 102623915.5 0.01 

 

The fine sediment reduction from the three modelled farm services activities was 0.01% in the Tully 

basin (refer Table 20). In the Johnstone, the impact of the two modelled farm services activities on the 

fine sediment load at basin-scale was negligible.  

  



67 
 

 

6 Conclusions 

A fine-scale catchment model of the Johnstone Tully basins was built specifically for the Wet Tropics 

Major Integrated Project (MIP). Two catchment models were constructed: a base case and a change 

case. This allowed for the improvement in water quality based on MIP activities, such as 

improvements in sugarcane management practices and catchment repair sites (i.e. bioreactors and 

wetlands), to be estimated.  

Five farm services sites, six bioreactors and four wetlands were incorporated into the change model. It 

is important to note that the projects modelled are a subset of the total number of projects. Sites were 

modelled based on the appropriateness of the site to be modelled and data availability for each site at 

the time of reporting. 

Preliminary results suggest that the inclusion of three demonstration farm services sites, two 

bioreactors and the two wetlands within the Tully basin would result in an end-of-system DIN reduction 

of 0.27%. For the much larger Johnstone basin, the two demonstration sites, four bioreactors and two 

wetlands would result in a DIN reduction of 0.03%. 

Considering the scale and number of farm services and catchment sites, the early results are 

promising. It is important to note that the modelling results are preliminary and were based on the 

limited site data available. Modelled reductions are a function of several factors including effective 

treatment areas and volumes; treatment efficiencies; targeted land use and areal rates of constituent 

loads; and targeted treatment pathways (e.g. surface, subsurface loads). 

As more data becomes available, additional sites can be included, and the models can be refined and 

improved. The paddock and catchment modelling coupled with on-ground implementation and 

monitoring are important tools in enabling the exploration of new technologies and practices, and 

understanding their impacts on water quality. 
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7 Recommendations for future model improvement 

The WT MIPS modelling project is carried out by the team which undertakes the P2R catchment 

modelling program. As such, the same outlook on continual improvement in modelling approach to 

better estimate pollutant loads is adopted. As more knowledge and data become available, step-wise 

changes are made to the models in the form of minor and major updates. Updates may include 

changes to data inputs, algorithms, and model platform upgrades. 

Some of the recommendations for model improvement in subsequent updates include: 

• Investigation on whether outputs from specialised bioreactor and wetland models developed 
by other groups (e.g. Griffith University; Queensland University of Technology) can be 
incorporated into the catchment model to estimate impacts of these systems with a greater 
level of complexity/accuracy than the preliminary estimates contained within this report. 

• Better quantification of catchment repair effective treatment volumes and loads. 

• Investigation of DIN surface and seepage delivery for sugarcane and bananas, and areal 
rates. Work is currently being done by colleagues on the P2R Wet Tropics model in this area 

o Work with paddock modellers to check quantities and proportions of paddock model 
time series from APSIM and HowLeaky. 

• Acquire reliable monitored loads estimates for Johnstone River at Coquette site. This site has 
not been included in the model calibration as there are only three years of monitored data for 
this site; and the site appears to be tidally-influenced. Questions have been raised with the 
DES monitoring team by the catchment modelling team, and follow-up is required. 

• Inconsistencies were identified between the estimated daily monitored loads provided by DES 
for GBRCLMP gauges North Johnstone at Old Bruce Hwy Bridge (1124009) and South 
Johnstone at Upstream Central Mill (112101B) when aggregated to annual time step 
compared with the GBRCLMP estimated annual loads that were provided and used in the 
model calibration. Follow up required with monitoring team. Depending on outcomes, re-
calibration may be required for some constituents. 

• Investigation of the model under prediction of fine sediment in high flow years. 

• If more data becomes available from the MIP stream monitoring program (i.e. ‘MIP LSM’ 
sites), where appropriate, use this localised monitoring data to inform modelled parameters, 
concentrations and loads within relevant modelled areas. 
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 – Example of water quality parameters and initial 
calibration ranges for conservation and forestry land uses 

 

Table 21: Conservation and forestry land uses - Key parameters used to represent water 

quality processes with starting parameter ranges used in the Bayesian analysis 

Constituent Water quality parameter 
Parameter 

notation 

Starting 

range 
Comments 

Fine sediment; 
particulate 

phosphorous; 
particulate 
nitrogen 

Delivery ratio (supply) from 
hillslope erosion 

DRf 0-50  

Fine sediment 
Fine sediment dry weather 

concentration (mg/L) 
tssDWCf 0-3 

Concentration around 1-2mg/L 
from GBRCLMP 113015A site. 

Range expanded slightly to 
account for potential regional 

differences. 

Fine sediment 
Delivery ratio (supply) of fine 
sediment from gully erosion 

gullyDR 0-100 

Not many gullies in JT. 
Contribution expected to be 

less significant and less 
sensitive parameter. Tested 0-
100 range to see how sensitive 

this parameter is. 

Particulate 
nitrogen 

Enrichment of particulate 
nitrogen due to preferential 
bonding with fine sediments 

(surface) 

pnER 0-3 
Consistent for all land uses in 

each calibration region 

Particulate 
nitrogen 

Particulate nutrient dry 
weather concentration (mg/L) 

pnDWCf 0.02-0.06 

Undisturbed catchments from 
Mitchell et al., (2007) are Upper 

Tully, Jarra and Boulder Ck 
catchments and give range of 

0.0025-0.005 mg/L. GBRCLMP 
at 113015A indicates <0.3 

mg/L. 

Particulate 
phosphorous 

Enrichment of particulate 
phosphorous due to 

preferential bonding with fine 
sediments (surface) 

ppER 0-3 
Consistent for all land uses in 

each calibration region. 
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– Observed versus modelled hydrology at daily 
time step for the extended time span 

 

Table 22: Hydrology performance evaluation statistics at daily time step for extended time 

span 

Gauge Start date End date 

Number of daily data 

points meeting 

quality criteria 

R2 
Daily 

NSE 

PBIAS 

(%) 

112003A 1/01/1970 10/01/2019 17696 0.86 0.85 0.93 

112004A 1/01/1970 31/12/2019 17986 0.92 0.92 -0.42 

112101B 10/10/1974 31/12/2019 16370 0.87 0.87 -0.19 

112102A 27/05/1970 31/12/2019 17863 0.86 0.85 4.29 

113004A 1/01/1970 31/12/2019 17288 0.81 0.75 -13.21 

113015A 25/12/2009 31/12/2019 3641 0.74 0.67 -28.91 

113006A 13/04/1972 29/07/2019 16924 0.84 0.83 -1.20 

 
Performance evaluation rating key: 

Very good Good Satisfactory Unsatisfactory 

 

 

Figure 39: Comparison of observed versus modelled hydrology for North Johnstone at Glen 

Alyn (112003A) for extended time span 
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Figure 40: Flow duration curve for North Johnstone at Glen Alyn (112003A) for extended time 

span 

 

 

Figure 41: Comparison of observed versus modelled hydrology for North Johnstone at Tung 

Oil (112004A) for extended time span 

 



77 
 

 

 

Figure 42: Flow duration curve for 112004A for extended time span 
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Figure 43: Comparison of observed versus modelled hydrology for South Johnstone at 

Upstream Central Mill (112101B) for extended time span 

 

 

Figure 44: Flow duration curve for South Johnstone at Upstream Central Mill (112101B) for 

extended time span 
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Figure 45: Comparison of observed versus modelled hydrology for Liverpool Creek at Upper 

Japoonvale (112102A) for extended time span 

 

 

Figure 46: Flow duration curve for Liverpool Creek at Upper Japoonvale (112102A) for 

extended time span 
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Figure 47: Comparison of observed versus modelled hydrology for Cochable Creek at 

Powerline (113004A) for extended time span 

 

 

Figure 48: Flow duration curve for Cochable Creek at Powerline (113004A) for extended time 

span 
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Figure 49: Comparison of observed versus modelled hydrology for 113015A for extended time 

span 

 

 

Figure 50: Flow duration curve for 113015A for extended time span 
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Figure 51: Comparison of observed versus modelled hydrology for Tully at Euramo (113006A) 

for extended time span 

 

 

Figure 52: Flow duration curve for Tully at Euramo (113006A) for extended time span 
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 – Observed versus modelled hydrology at daily 
time step for model run span 

 

Table 23: Hydrology performance evaluation statistics at daily time step for model run span 

Gauge Start date End date 

Number of daily data 

points meeting 

quality criteria 

R2 
Daily 

NSE 

PBIAS 

(%) 

112003A 1/07/1986 30/06/2018 11555 0.84 0.84 -2.57 

112004A 1/07/1986 30/06/2018 11688 0.92 0.92 -1.73 

112101B 1/07/1986 30/06/2018 11615 0.87 0.87 -2.08 

112102A 1/07/1986 30/06/2018 11646 0.87 0.87 1.71 

113004A 1/07/1986 30/06/2018 11502 0.84 0.76 -11.21 

113015A 25/12/2009 30/06/2018 3093 0.75 0.70 -25.50 

113006A 1/07/1986 30/06/2018 11338 0.84 0.84 -2.57 

 
Performance evaluation rating key: 

Very good Good Satisfactory Unsatisfactory 
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Figure 53: Comparison of observed versus modelled hydrology for 112003 for model run span 

 

 

Figure 54: Flow duration curve for North Johnstone at Glen Alyn (112003A) for model run span 
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Figure 55: Comparison of observed versus modelled hydrology for North Johnstone at Tung 

Oil (112004A) for model run span 

 

 

Figure 56: Flow duration curve for North Johnstone at Tung Oil (112004A) for model run span 
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Figure 57: Comparison of observed versus modelled hydrology for South Johnstone at 

Upstream Central Mill (112101B) for model run span 

 

 

Figure 58: Flow duration curve for South Johnstone at Upstream Central Mill (112101B) for 

model run span 
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Figure 59: Comparison of observed versus modelled hydrology for Liverpool Creek at Upper 

Japoonvale (112102A) for model run span 
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Figure 60: Flow duration curve for Liverpool Creek at Upper Japoonvale (112102A) for model 

run span 
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Figure 61: Comparison of observed versus modelled hydrology for Cochable Creek at 

Powerline (113004A) for model run span 

 

 

Figure 62: Flow duration curve for Cochable Creek at Powerline (113004A) for model run span 
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Figure 63: Comparison of observed versus modelled hydrology for 113015A for model run 

span 

 

 

Figure 64: Flow duration curve for 113015A for model run span 
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Figure 65: Comparison of observed versus modelled hydrology for Tully at Euramo (113006A) 

for model run span 

 

 

Figure 66: Flow duration curve for Tully at Euramo (113006A) for model run span 
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 – Land use upstream of GBRCLMP sites 

 

 

Figure 67: Map showing land use upstream of North Johnstone River at Old Bruce Highway 

Bridge (1120049) 
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Figure 68: Map showing land use upstream of South Johnstone River at Central Mill (112101B) 
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Figure 69: Map showing land use upstream of Tully Gorge National Park (113015A) site 
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Figure 70: Map showing land use between Tully Gorge National Park (113015A) and Tully 

Euramo (113006A) sites 
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 – Performance statistics and annual load 
comparison plots for water quality sites 

 

Table 24: Performance statistics for North Johnstone at Old Bruce Highway Bridge (1120049) 

at annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS 
PBIAS 

Rating 

Flow 0.98 Very good 0.92 Very good -5 Good 

Fine sediment 0.54 Satisfactory 0.4 Unsatisfactory 0 Very good 

TN 0.62 Good 0.54 Good -6 Very good 

PN 0.56 Satisfactory 0.38 Satisfactory 1 Very good 

DIN 0.75 Very good 0.69 Very good 0 Very good 

DON 0.6 Satisfactory 0.55 Good 0 Very good 

TP 0.28 Unsatisfactory 0.25 Unsatisfactory -6 Very good 

PP 0.33 Unsatisfactory 0.29 Unsatisfactory -1 Very good 

DOP (FRP) 0.33 Unsatisfactory 0.29 Unsatisfactory -1 Very good 
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Figure 71: Annual flow comparison for WT P2R model and JT MIPS model against monitored 

data for 1120049 

 

Figure 72: Fine sediment comparison for WT P2R model and JT MIPS models against 

GBRCLMP monitored data for 1120049 

 

Figure 73: Particulate nitrogen (PN) comparison for WT P2R model and JT MIPS models 

against GBRCLMP monitored data for 1120049 
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Figure 74: Particulate phosphorous (PP) comparison for WT P2R model and JT MIPS models 

against GBRCLMP monitored data for 1120049 

 

 

Figure 75: Dissolved inorganic nitrogen (DIN) comparison for WT P2R model and JT MIPS 

models against GBRCLMP monitored data for 1120049 
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Figure 76: Dissolved organic nitrogen (DON) comparison for WT P2R model and JT MIPS 

models against GBRCLMP monitored data for 1120049 

 

 

Figure 77: Dissolved organic phosphorous (DOP) comparison for WT P2R model and JT MIPS 

models against GBRCLMP monitored data for 1120049 

 

Table 25: Performance statistics for South Johnstone at Central Mill at annual time step  

Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

Flow 0.98 Very good 0.93 Very good -7 Good 

Fine sediment 0.94 Very good 0.77 Good 1 Very good 

TN 0.92 Very good 0.85 Very good -8 Very good 

PN 0.95 Very good 0.79 Very good 0 Very good 

DIN 0.94 Very good 0.82 Very good -15 Good 

DON 0.85 Very good 0.81 Very good 0 Very good 

TP 0.9 Very good 0.77 Very good 0 Very good 

PP 0.89 Very good 0.73 Very good -3 Very good 

DOP (FRP) 0.89 Very good 0.73 Very good -3 Very good 
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Figure 78: Annual flow comparison for WT P2R model and JT MIPS model against monitored 

data for South Johnstone at Upstream Central Mill (112101B) 

 

 

Figure 79: Fine sediment comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for South Johnstone at Upstream Central Mill (112101B) 
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Figure 80: Particulate nitrogen (PN) comparison for WT P2R model and JT MIPS model against 

GBRCLMP monitored data for South Johnstone at Upstream Central Mill (112101B) 

 

 

Figure 81: Particulate phosphorous (PP) comparison for WT P2R model and JT MIPS model 

against GBRCLMP monitored data for South Johnstone at Upstream Central Mill (112101B) 
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Figure 82: Dissolved inorganic nitrogen (DIN) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for South Johnstone at Upstream Central Mill 

(112101B) 

 

 

Figure 83: Dissolved organic nitrogen (DON) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for South Johnstone at Upstream Central Mill 

(112101B) 
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Figure 84: Dissolved organic phosphorous (DOP) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for South Johnstone at Upstream Central Mill 

(112101B) 

 

 

Figure 85: Dissolved inorganic phosphorous (DIP) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for South Johnstone at Upstream Central Mill 

(112101B) 

 

Table 26: Performance statistics for Tully at Tully Gorge at annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

Flow 0.96 Very good 0.43 Unsatisfactory -28 Unsatisfactory 

Fine sediment 0.83 Very good 0.67 Satisfactory 0 Very good 

TN 0.9 Very good 0.62 Good -24 Satisfactory 

PN 0.87 Very good 0.63 Good 3 Very good 

DIN 0.85 Very good 0.71 Very good -18 Good 

DON 0.87 Very good 0.68 Very good -14 Very good 

TP 0.92 Very good 0.75 Very good 19 Good 
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Constituents R2 Rating NSE NSE Rating PBIAS PBIAS Rating 

PP 0.88 Very good 0.68 Very good 4 Very good 

DOP (FRP) 0.88 Very good 0.68 Very good 4 Very good 

 

 

Figure 86: Annual flow comparison for WT P2R model and JT MIPS model against monitored 

data for 113015A 

 

 

Figure 87: Fine sediment comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for 113015A 
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Figure 88: Particulate nitrogen (PN) comparison for WT P2R model and JT MIPS model against 

GBRCLMP monitored data for 113015A 

 

 

Figure 89: Particulate phosphorous (PP) comparison for WT P2R model and JT MIPS model 

against GBRCLMP monitored data for 113015A 
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Figure 90: Dissolved inorganic nitrogen (DIN) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for 113015A 

 

 

Figure 91: Dissolved organic nitrogen (DON) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for 113015A 
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Figure 92: Dissolved organic phosphorous (DOP) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for 113015A 

 

 

Figure 93: Dissolved inorganic phosphorous (DIP) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for 113015A 

 

Table 27: Performance statistics for Tully Euramo (113006A) at annual time step 

Constituents R2 Rating NSE NSE Rating PBIAS 
PBIAS 

Rating 

Flow 0.94 Very good 0.8 Good -12 Satisfactory 

Fine sediment 0.79 Good 0.77 Good 3 Very good 

TN 0.82 Very good 0.75 Very good -4 Very good 

PN 0.79 Very good 0.69 Very good -6 Very good 

DIN 0.55 Satisfactory 0.34 Unsatisfactory -9 Very good 

DON 0.64 Good -0.1 Unsatisfactory 1 Very good 

TP 0.79 Good 0.64 Good 21 Satisfactory 

PP 0.81 Very good 0.66 Very good 2 Very good 
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Constituents R2 Rating NSE NSE Rating PBIAS 
PBIAS 

Rating 

DOP (FRP) 0.81 Very good 0.66 Very good 2 Very good 

 

 

 

Figure 94: Annual flow comparison for WT P2R model and JT MIPS model against monitored 

data for Tully at Euramo (113006A) 

 

 

Figure 95: Fine sediment comparison for WT P2R model and JT MIPS model against GBRCLMP 

monitored data for Tully at Euramo (113006A) 
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Figure 96: Particulate nitrogen (PN) comparison for WT P2R model and JT MIPS model against 

GBRCLMP monitored data for Tully at Euramo (113006A) 

 

 

Figure 97: Particulate phosphorous (PP) comparison for WT P2R model and JT MIPS model 

against GBRCLMP monitored data for Tully at Euramo (113006A) 
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Figure 98: Dissolved inorganic nitrogen (DIN) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for Tully at Euramo (113006A) 

 

 

Figure 99: Dissolved organic nitrogen (DON) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for Tully at Euramo (113006A) 
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Figure 100: Dissolved organic phosphorous (DOP) comparison for WT P2R model and JT MIPS 

model against GBRCLMP monitored data for Tully at Euramo (113006A) 

 

 

Figure 101: Dissolved inorganic phosphorous (DIP) comparison for WT P2R model and JT 

MIPS model against GBRCLMP monitored data for Tully at Euramo (113006A) 
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 – Monitored versus modelled average annual loads 
for water quality sites 

 

Figure 102: Comparison of average annual loads for North Johnstone River at Old Bruce 

Highway Bridge (1120049) 

 

 

Figure 103: Comparison of average annual loads for South Johnstone River at Upstream 

Central Mill (112101B) 
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Figure 104: Comparison of average annual loads for Tully River at Tully Gorge National Park 

(113015A) 

 

 

Figure 105: Comparison of average annual loads for Tully River at Euramo EOS (113006A) 
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 – Comparison between GBRCLMP concentration 
distributions and modelled concentration distributions at 
water quality sites 

 

 

Figure 106: Distributions of modelled fine sediment concentration (mg/L) compared to 

GBRCLMP concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) 

site 

 

Figure 107: Distributions of modelled PP concentration (mg/L) compared to GBRCLMP 

concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) site 
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Figure 108: Distributions of modelled PN concentration (mg/L) compared to GBRCLMP 

concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) site 

 

 

Figure 109: Distributions of modelled DON concentration (mg/L) compared to GBRCLMP 

concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) site 
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Figure 110: Distributions of modelled DIN concentration (mg/L) compared to GBRCLMP 

concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) site 

 

 

Figure 111: Distributions of modelled DOP concentration (mg/L) compared to GBRCLMP 

concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) site 
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Figure 112: Distributions of modelled DIP concentration (mg/L) compared to GBRCLMP 

concentrations at North Johnstone River at Old Bruce Highway Bridge (1120049) site 

 

 

Figure 113: Distributions of modelled fine sediment concentration (mg/L) compared to 

GBRCLMP concentrations at South Johnstone River (112101B) site 
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Figure 114: Distributions of modelled PP concentration (mg/L) compared to GBRCLMP 

concentrations at South Johnstone River (112101B) site 

 

 

Figure 115: Distributions of modelled PN concentration (mg/L) compared to GBRCLMP 

concentrations at South Johnstone River (112101B) site 
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Figure 116: Distributions of modelled DOP concentration (mg/L) compared to GBRCLMP 

concentrations at South Johnstone River (112101B) site 

 

 

Figure 117: Distributions of modelled DON concentration (mg/L) compared to GBRCLMP 

concentrations at South Johnstone River (112101B) site 
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Figure 118: Distributions of modelled DIP concentration (mg/L) compared to GBRCLMP 

concentrations at South Johnstone River (112101B) site 

 

 

Figure 119: Distributions of modelled DIN concentration (mg/L) compared to GBRCLMP 

concentrations at South Johnstone River (112101B) site 
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Figure 120: Distributions of modelled fine sediment concentration (mg/L) compared to 

GBRCLMP concentrations at Tully Gorge National Park (113015A) site 

 

 

Figure 121: Distributions of modelled PP concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 
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Figure 122: Distributions of modelled PN concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 

 

 

Figure 123: Distributions of modelled DOP concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 
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Figure 124: Distributions of modelled DON concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 

 

 

Figure 125: Distributions of modelled DIP concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 
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Figure 126: Distributions of modelled DIN concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Gorge National Park (113015A) site 

 

 

Figure 127: Distributions of modelled fine sediment concentration (mg/L) compared to 

GBRCLMP concentrations at Tully at Euramo (113006A) site 
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Figure 128: Distributions of modelled PP concentration (mg/L) compared to GBRCLMP 

concentrations at Tully Euramo (113006A) site 

 

 

Figure 129: Distributions of modelled PN concentration (mg/L) compared to GBRCLMP 

concentrations at Tully at Euramo (113006A) site 
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Figure 130: Distributions of modelled DOP concentration (mg/L) compared to GBRCLMP 

concentrations at Tully at Euramo (113006A) site 

 

 

Figure 131: Distributions of modelled DON concentration (mg/L) compared to GBRCLMP 

concentrations at Tully at Euramo (113006A) site 
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Figure 132: Distributions of modelled DIP concentration (mg/L) compared to GBRCLMP 

concentrations at Tully at Euramo (113006A) site 

 

 

Figure 133: Distributions of modelled DIN concentration (mg/l) compared to GBRCLMP 

concentrations at Tully at Euramo (113006A) site 
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 – WT MIPS LSM stream monitoring locations 

 

Figure 134: MIPS stream monitoring sites 
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Figure 135: Map showing Johnstone land use and MIP stream monitoring locations 
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Figure 136: Map showing Tully land use and MIP stream monitoring locations 
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 – WT MIPS LSM concentration distributions 
compared to modelled concentration distributions 

 

 

Figure 137: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J1 site 

 

 

Figure 138: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J1 site 
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Figure 139: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J2 site 

 

 

Figure 140: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J2 site 
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Figure 141: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J3 site 

 

 

Figure 142: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J3 site 
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Figure 143: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J4 site 

 

 

Figure 144: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J4 site 
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Figure 145: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J5 site 

 

 

Figure 146: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J5 site 
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Figure 147: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J6 site 

 

 

Figure 148: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J6 site 
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Figure 149: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J7 site 

 

 

Figure 150: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J7 site 
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Figure 151: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J9 site 

 

 

Figure 152: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J9 site 
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Figure 153: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J10 site 

 

 

Figure 154: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J10 site 
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Figure 155: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J11 site 

 

 

Figure 156: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J11 site 
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Figure 157: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J12 site 

 

 

Figure 158: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J12 site 
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Figure 159: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J13 site 

 

 

Figure 160: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J13 site 
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Figure 161: DIN (mg/l) measured vs. modelled concentrations at MIP LSM J14 site 

 

 

Figure 162: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM J14 site 
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Figure 163: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T1 site 

 

 

Figure 164: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T1 site 
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Figure 165: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T2 site 

 

 

Figure 166: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T2 site 
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Figure 167: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T8 site 

 

 

Figure 168: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T8 site 
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Figure 169: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T9 site 

 

 

Figure 170: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T9 site 
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Figure 171: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T10 site 

 

 

Figure 172: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T10 site 
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Figure 173: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T11 site 

 

 

Figure 174: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T11 site 
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Figure 175: DIN (mg/l) measured vs. modelled concentrations at MIP LSM T12 site 

 

 

Figure 176: Fine sediment (mg/l) measured vs. modelled concentrations at MIP LSM T12 site 
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 – Maps showing catchment model end-of-system 
nodes, upstream farm services and catchment repair sites 

 

Figure 177: Catchment repair sites upstream of "Generated Node Name #183" in JT catchment 

model 
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Figure 178: Farm services and catchment repair sites upstream of "SP_Downstream1120054" 

in JT catchment model 
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Figure 179: Farm services and catchment repair sites upstream of “SP_SC#196” in JT 

catchment model 
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Figure 180: Farm services and catchment repair sites upstream of “SP_SC#272” in JT 

catchment model 
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Figure 181: Farm services site upstream of "Generated Node Name #453" in JT catchment 

model 


