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SSPRED: THE SUPPORT SYSTEM FOR PHOSPHORUS REDUCTION DECISIONS — MODEL FRAMEWORK DEVELOPMENT

1 Background & Introduction

This report has been produced from Activity 1: Adapt existing Excel-based BMP
evaluation model (SlowCoach) to Peel-Harvey Catchment identifying the data and
model requirements to adapt this model, a part of the Tender AGR123Q-02/03 -
Provision of Consultancy Services to Develop Landuse Nutrient and Best
Management Practice (BMP) Models.

The Tender is one part of an overall project being conducted by the WA Department of
Agriculture (DAWA) to develop, test and implement point and non-point source Best
Management Practices (BMPs) for the control of nutrient export in the Peel-Harvey
Catchment. This work is supported by financial assistance from the Natural Heritage
Trust s Coastal Catchments Initiative, and is allied to a suite of projects implemented
by the WA Department of Environment and the WA Environmental Protection
Authority to improve water quality in the Peel-Harvey System.

1.1 The Objective of this Activity

The Tender specifies that this Activity must Adapt existing Excel-based BMP
evaluation model (SlowCoach) to Peel-Harvey Catchment identifying the data and
model requirements to adapt this model.

This will include a need to scope data requirements, develop a landuse coverage,
develop a hydrologically sound DEM incorporating artificial drainage, develop
subcatchments, routing, assimilation functions. Incorporate local nutrient generation
rate data with errors, incorporate local BMP data and costs with associated errors.

1.2 Activity 2 Aims

The project tender identified seven parts to this Activity:
A: Scope Data Requirements & Liaise on Current Data Availability
B: Adapt Model/Develop new model framework
C: Develop landuse coverage

D: (i) Develop hydrologically sound DEM incorporating artificial drainage, including
subcatchments, routing and assimilation functions. (i) Develop mapping units and
MULU map.

E: Develop/incorporate local nutrient generation rate data with errors
F: Develop/incorporate local BMP data and costs with associated errors.
Each of these parts is reported on in the remainder of this report.

1.3 Project Limitations

Note that this project and the ssSPRED modelling were only concerned with rural land
and were bound to 2003 land use levels:

« No provision was made for climate change.
e Land use is 2003 levels.

e Urban land use was included in base export modeling but not in BMP
modeling.
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2 Scope Data Requirements & Data Availability

2.1 Introduction

The initial task was to establish what data was currently available and in a format
suitable for use in this component. Of particular interest were recent land-use mapping
and drainage line location and heights.

Meetings were held internally within the Department of Agriculture (DA) and with other
CCI members to discuss data availability and agree on a standard land-use set.

Required datasets identified were as follows:
m  elevation data

m  drainage network (natural streamlines and constructed drains)
= land use

m cadastre (including ownership, size, )

m  soils (including PRI, geomorphology)

m  stream monitoring data (flow, nutrient concentrations, calculated loads for P)

Datasets which required additional development were as follows:
= DEM (creation)

m  drainage network (checking and attribution)

m |and use (update and checking)

ECOTONES & ASSOCIATES



SSPRED: THE SUPPORT SYSTEM FOR PHOSPHORUS REDUCTION DECISIONS — MODEL FRAMEWORK DEVELOPMENT

3 Adapt Model/Develop new model framework

3.1 Introduction

The project tender identified a very specific work-flow for this part, based on adapting
the existing Slowcoach model used in a previous project (PEWOC) on the WA south
Coast. However initial discussions identified the need for further development of the
approach to the modelling in the Peel-Harvey. These developments would be made to
allow better representation of factors affecting nutrient production, in particular soil and
geomorphological factors and catchment hydrology.

An additional level of work was to use the network of monitoring catchments within the
Peel-Harvey to provide a calibration dataset for the model results.

The resulting model has been named the Support System for Phosphorus Reduction
Decisions or SSPRED. This clearly identifies its role in management — a decision-
support tool for decisions on P reductions.

This section reports on model framework development.

3.2 Model approach

The general PEWOC approach and BMPs described by Weaver et al. (2003) were
adapted to examine nutrient management scenarios for the Peel-Harvey catchment.
The differences between the south coast and Peel-Harvey work relate to the
availability of different BMPs in each region, and the use of landuse specific nutrient
balance data in conjunction with landscape characteristics to estimate nutrient
generation rates. The landuse-specific data was derived from landuse surveys carried
out in an accompanying CCI project (including the Tender AGR122 by the current
authors).

The nutrient export model used in SSPRED is a modification the P indicators tool of
Heathwaite et al. (2003) which uses three model layers: loss potential, represented by
nutrient inputs and soil mineralisation; transfer indicators (effective rainfall and erosion
risk); and delivery indicators (land drainage or hydrological connectivity). These layers
synthesise a number of existing modelling approaches in the UK. As we do not have
other modelling approaches in the south west of WA to build on (although work is
currently in progress as a parallel project within the Peel Harvey CCi project) we have
had to adapt this approach using local data and research.

The nutrient export model as developed combines three layers:
= Nutrient Source: landuse related nutrient availability;

= Nutrient Delivery factors - based on susceptibility to P loss from the most limiting
soil/lgeomorphological factor (aka P Loss Risk); and

m  Connectivity/transport potential — based on waterway proximity, and sub-
catchment related to in-stream processing of nutrients or assimilation.

ECOTONES & ASSOCIATES
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Landuse P
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Fgure1l SSPRED BMP Model Schematic

Base map units

The modelling is carried out for a set of unique map units for the entire CCI area.
These units are derived from an intersection of each of the model layers:

m  Landuse (potential P availability);

soil and landform qualities;

transport (distance to stream, stream order) and
m  sub-catchment.

Model testing and verification was carried out using a gridded overage of each model
layer, discussed below (see the section on Mode). The final polygon file contains over
100,000 separate polygons, each of which contains a unique combination of the
above factors. Area has been calculated for each poygon.

Subcatchments

A digital elevation model (DEM) was created as part of an associated project
developing a hydrologically-based catchment model for the CCI project area (Zammit,
et al (2004). This is shown in Figure 2, and discussed in Section DEM & Mapping Unit
Development. A total of 328 subcatchments were identified for the entire CCi area,
214 of these were in the area comprising the brief for Ecotones & Associates. These
214 were combined to reduce the complexity of delineation, to create a total of 67
subcatchments for BMP modelling purposes. However, a subsequent re-classification
was undertaken for the Water Quality Improvement Plan (WQIP), which resulted in 17
WQIP catchments for the plan and associated modelling. These three different levels
of classification are shown in Section DEM & Mapping Unit Development.

10
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Legend

|1 BMP Model Subcatchments

Figure 2 - DEM and Project Subcatchments
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Nutrient Source

Land use-based P surplus figures are sourced from land use farm gate nutrient
balances for agricultural land uses (Neville et al, [submitted]), or derived from
published work for urban land uses (Gerritse, et al. (1990), Kelsey and Zammit (2003),
Whelan et al (1981)). Export rates are in kg/ha available for loss, and represent the
gross available nutrient.

Nutrient Delivery factors

An existing framework for P loss risk for WA soils (van Gool et al. 2001) using soil and
landform qualities (susceptibility to water erosion, flood risk and specific
landforms/landscape location, soil PRI and water-table depth) has been modified to
represent loss risk as weighted percentages for land units. This loss risk simulates the
ability of the soil to store P or to lose P through leaching, surface runoff, loss of soil
particles.

The Van Gool et al framework as modified is presented in Table 1:

Soil property Susceptibility to phosphorus export rating
Low Moderate High Very high | Extreme
L M) (H) (VH) ®
Assess for all soils:
Susceptibility to water erosion Low Moderate High Very high Extreme
Flood risk Low Moderate High
Landform All other FPD, FPP, DDW, DDP STC
areas HSP, FOS SWA

Assess for uniform sands only
Depth to highest seasonal watertable for sands with >5m 2-5m 1-2m <lm
low phosphorus retention index (PRI <2 at 0 to
80 cm). Subsoils are pale throughout.

Assess for uniform sands only
Depth to highest seasonal watertable for sands with >5m 2-5m 1-2m <lm <0.5m
low phosphorus retention index (PRI 2-5 at 0 to

80 cm). Subsoils are pale throughout (e.g. Munsell
value/chroma 8/4, 7/2 or paler).

Depth to highest seasonal watertable for sands with
moderate to high phosphorus retention index (PRI >2m 1-2m 1-05m <0.5m <0.2m
>5, 0to 30 cm). Subsoil colour and textures
increase with depth (e.g. Munsell value/chroma
8/6, 7/3 or darker).

Table1l P Export Risk framework (Van Gool et al 2001)
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[ waIP Reporting Catchments

Figure 3 - Nutrient Source Map (based on landuse P Surplus).
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The framework produces a phosphorus export susceptibility risk (Low — Extreme) for
each soil group within the Peel-Harvey CCI. In the digital datasets developed by the
Department of Agriculture, soils are represented in percentages for each landscape
mapping units, rather than being mapped directly. We therefore had to derive an area-
weighted risk factor for each mapping unit.

This area-weighted risk factor is based on an estimate of probable P loss (a value
ranging from 0% — no losses to 100% loss) for each phosphorus export susceptibility
risk class. This estimation was done through an iterative process using DataDesk,
which allowed us to vary estimated risk values for each class of P Export Risk class for
the entire study area, and see the result on the correlation of the model results against
monitored catchment loads. The relative risk of each class (L<M<H<VH<E) was
maintained throughout the process, and adjusted to provide overall loads equal to the
current mean loads for the catchment [Department of Environment Monitoring], while
maintaining a good overall correlation. The best fit was provided by the ascending list
of risk values shown in Table 2.

By multiplying the proportion of each map unit in each class with the derived risk value
we made an estimate of the % of production P losses for each map unit that could be
available to the stream network.

Phosphorus Export Susceptibility Risk Value

(from Van Gool 2001) (% of Production P loss as P
Export)

Low 10%

Medium 25%

High 50%

Very High 85%

Extreme 100%

Table2 P Export Susceptibility risk values

14
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Fgure 4 —LandfornySoils P Export Risk (Weighted Average)
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