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Executive summary 

Introduction 

Land management can have both positive and negative impacts on catchment 
water quality. The risk of nutrient, pathogen and soil loss from dairy farms to 
waterways depends on inherent landscape pressures as well as farm 
management factors. Landscape pressures can be described as inherent features 
of the landscape (including climate and weather events) which increase the 
potential for nutrients, soil and pathogens to be mobilised and transported from 
land to water. In agricultural environments, landscape and climate 
characteristics often have a relatively large influence on the quality of receiving 
waterbodies compared with farm management practices (Melland et al. 2008; 
Jordan et al. 2012). Predictions of the risk of soil and nutrient loss from 
agricultural land therefore requires the hydrology of the land to be represented 
by models (Letcher et al. 2002; Cichota and Snow 2009; Vigiak et al. 2011; 
Smith and Western 2013; Xie et al. 2015) and/or risk indices (Buczko and 
Kuchenbuch 2010; Osmond et al. 2012). 

In an assessment of the pressures on water quality from dairy farming in 
Australia and in New Zealand, Scarsbrook and Melland (2015) found that there 
were few indicators of pressure that could be directly compared between the two 
countries from readily reported data. In particular was a lack of information on 
the status and variability of physical pressures across the diverse dairy farming 
landscapes of Australia. To help safe-guard the Australian dairy industry’s 
reputation for clean and green milk production, this project has completed a 
stocktake of the risk of nutrient loss to water. 

The methods used were: 

Stocktake at national and regional scales;  

• Collation of data describing landscape (e.g. soil type, topography, 
waterway connectivity) and farm practice (e.g. soil nutrient levels, 
stocking rates, effluent management, irrigation) factors that influence the 
potential for nutrient, pathogen and soil transfer to waterways. 

• Sources of data included industry, catchment, state and federal 
government spatial and survey databases, publications, reports and 
expert opinion elicitation.  

• Risk factors were presented at national and regional scales using maps, 
charts and tables. 

• Gaps in available data were identified. 

Risk assessment and water quality linkages at catchment scale in Victoria and 
Tasmania;   

• Risks to water quality from dairy farming were assessed using an 
established method (the Farm Nutrient Loss Index, modified for 
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catchment scale application) in four focus catchments (Curdies River in 
SW Victoria, Macalister Irrigation District in Gippsland, Victoria, Duck River 
and Meander River catchments in Tasmania), 

• Relative risks to water quality were assessed for future dairy expansion or 
intensification (i.e. more cows in catchments) compared with improved 
dairy and other landuse practices using an established modelling method 
(the MiniCAPER DSS) in the Duck and (the CAPER DSS) in the Meander 
River catchments in Tasmania 

• Investigated broad links between risk profiles and water quality in focus 
catchments (Curdies River in SW Victoria, Macalister Irrigation District in 
Gippsland, Victoria, Duck River and Meander River catchments in 
Tasmania).  

This report comprises reference to four technical reports or papers plus other 
appended material. The technical reports and papers comprise; 

1. A stocktake of FNLI pressures at national and regional scales; Melland et 
al. (2017) A stocktake of nutrient loss risk in the Australian dairy industry In: 
Science and policy: nutrient management challenges for the next generation. 
(Eds L. D. Currie and M. J. Hedley). 
http://flrc.massey.ac.nz/publications.html. Occasional Report No. 30. 
Fertilizer and Lime Research Centre, Massey University, Palmerston North, 
New Zealand., presented at the Fertiliser and Lime Research Centre Annual 
Meeting, February 2017 

2. MiniCAPER DSS assessment of dairy expansion in the Duck River 
catchment, Tasmania; Kelly (2017a) Assessing the risks of pollutant loss 
from dairy farms in the Duck River catchment, Tasmania: considering the 
potential impacts from dairy expansion, and 

3. CAPER DSS assessment of dairy expansion in the Meander River 
catchment, Tasmania; Kelly, R.A. (2017b). Assessing the risks of pollutant 
loss from dairy farms in the Meander River catchment, Tasmania: considering 
the potential impacts from dairy expansion. 

4. A summary of expert opinion on dairy management practices in Tasmania; 
Kelly and White (2016) An Expert Assessment of Nutrient Management 
Practice Adoption on Tasmanian Dairy Farms. 

 

Summary of findings 
• Landscape pressures at the national scale were generally low to moderate 

suggesting a high overall potential for retaining nutrients on the farm 
across the industry. 

• Management pressures at the national scale were high for soil test P levels 
and effluent application rates indicating more efficient nutrient 
management may reduce water quality risks.  

http://flrc.massey.ac.nz/publications.html
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• All dairy regions had a low risk for P loss in runoff except in Tasmania, 
Gippsland and Western Australia which had medium risks. The risk of N 
loss in deep drainage was low in western Victoria, the Murray-Dairy region 
and in Western Australia. These low risks profiles highlight positive 
environmental credentials for the dairy industry.  

• Dairy regions that could be a focus for management of N to minimise loss 
in drainage are those in Tasmania and Gippsland due to inherently high 
landscape pressures, and the northern tablelands of NSW and south-east 
Queensland, where management factors are given a high weight of 
importance in the FNLI risk calculation.  

• Phosphorus management to minimise loss in runoff could be prioritised in 
dairy regions of Tasmania, Gippsland and Western Australia where both 
landscape and management practice pressures contributed to the medium 
risks of P loss.  

• In the Duck River catchment it should be possible to convert grazing areas 
into dairy without degrading water quality with the exception of pathogen 
loads, or even with an improvement in water quality to some extent, if 
both new and existing farms adopt feasible levels of BMP. Conversion of 
forest plantation areas to dairy can be expected to lead to a decline in 
water quality regardless of the level of BMP adopted, although high levels 
of BMP adoption will constrain this decline to some extent. 

• There is clear scope for the dairy industry to expand in the Meander River 
catchment while still achieving good environmental outcomes in the 
catchment. With feasible levels of BMP adoption (excluding stock from 
streams and improving effluent storage and management) on new and 
existing dairy areas it is possible for water quality to significantly improve, 
particularly in terms of enterococci and TP loads. 

• Options to reduce the risk of P loss in runoff across all focus catchments 
are managing water surpluses (i.e. wet times and places on the farm), 
managing nutrients well on paddocks close to waterways, retaining or 
reducing the connectivity between farm runoff and receiving waterways in 
the Meander catchment, reducing excessive soil P test levels in the MID 
and Curdies catchments and improving the management of dairy shed 
effluent in the MID and Duck catchments. 

• Options to reduce the risk of N loss in runoff are similar to those for 
managing P loss with the addition of managing nutrient hotspots such as 
by increasing the area to which effluent is applied and by good 
management of sacrifice grazing paddocks and feedpads in the Curdies 
catchment. 

• Options to reduce the risk of N loss in deep drainage are managing the 
availability of N for leaching on free-draining soils at wet times and places 
on the farm, particularly in the Tasmanian catchments if water tables are 
high and have the potential to recharge the local groundwater.   

• Increased spatial resolution of collection of management practice data, 
and of analysis of risks, would help to improve the evaluation of risk 
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profiles across and within regions. The largest gaps in data were 
management pressure data and in particular, the location and number of 
dairy cows, effluent application rate, and fertiliser application rates and 
timing.  

• The 2014-2016 stocktake identified a diversity of nutrient loss risk profiles 
across the dairy farming landscapes of Australia. These profiles help to 
provide a baseline against which to measure the financial and 
environmental returns on efforts to maintain and improve water quality 
across the industry over time.   

Recommendations for further activities 
• The location and intensity of dairy farms across all RDPs warrants 

accurate mapping. ABS mesh block-scale data with cattle intensity 
information should be made available in spatial format to the dairy 
industry. 

• Capture, collate and map nutrient management practices data, such as 
that assessed by Fert$mart and DairySAT programs, and impediments to 
practice change data across regions and soil types. Where possible, group 
results according to soil types. Critical data to capture are  

- fertiliser application rates (N and P – annual and per application),  
- soil test levels (plant-available P, K and S),  
- fertiliser application timing,  
- fertiliser types 
- effluent storage, spreading rate and timing in relation to wet soils 

and rainfall  
• Map fencing and riparian vegetation from remotely sensed data in dairy 

landscapes where data are not currently available.  
• Capture expert knowledge as spatial GIS layers on the type and extent of 

artificial drainage features in dairy landscapes. 
• Repeat the CAPER style catchment modelling approach used in the focus 

catchments and more broadly in Tasmania at catchment scale across 
other significant dairying areas to develop an Australia-wide inventory of 
priority and low risk catchments.   
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Background to the Project 
The dairy industry in Australia is intensifying and was the first dairy industry in 
the world to attain sustainable sourcing credentials with Unilever, a major global 
dairy customer. At the same time, however, water quality in many dairy regions 
is poor and links between dairy farming intensity and water quality have been 
established in some catchments. Industry growth via intensification (e.g. 
increased stocking rates), expansion (e.g. irrigated conversions) or structural 
change (e.g. large herd free-stall developments) may increase public scrutiny on 
the industry’s environmental credentials.  

To safeguard its reputation for clean and green milk production, protect market 
opportunities and a social licence to operate, this project has assessed evidence 
of dairy farm practice and landscape pressures on catchment water quality at 
national, regional and catchment scales.  

An industry-wide stocktake, and risk assessment in focus catchments has been 
undertaken. This contributes to the dairy industry’s reporting of its 
environmental credentials via its Sustainability Framework, demonstrates both 
positive water quality outcomes and high risk landscapes and practices, and 
provides a prediction of water quality outcomes under scenarios of dairy 
expansion in two Tasmanian catchments.  

Objectives 

Objective 1  
Develop a baseline inventory of factors contributing to dairy farm nutrient, 
pathogen and soil loss risk, at national, regional, and catchment scales using 
existing data 

Objective 2  
Evaluate the risk of nutrient loss in three focus catchments 

Objective 3  
Demonstrate empirical links or dissociations between dairy farm nutrient loss 
risk and catchment water quality in three focus catchments 

Assessment of delivery of project objectives 
All objectives were achieved via completion of deliverables on time and within 
budget as described in Table 1 with exceptions outlined in the following section. 
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Table 1. Project objectives, indicators of achievement and target outcomes and timeframes. 

Objective Indicator Description Target Target Date 

Stocktake of pressures: 
Develop a baseline inventory 
of factors contributing to 
dairy farm nutrient, pathogen 
and soil loss risk, at national 
and  regional scales using 
existing data 

Complete a stocktake report of 
the baseline inventory 
(Deliverable 1). The report will 
include maps, graphs and tables 
of results. 

Report 
accepted by 
USQ and Dairy 
Australia.  

30/06/2016 

Risk Assessment: Evaluate 
the risk of nutrient loss in 
three focus catchments 

Complete a technical report 
(Deliverable 2) that describes 
the risk to water quality from 
dairy farming relative to other 
land uses in three focus 
catchments. The report will 
consider impacts on water 
quality and values under current 
and future dairy industry 
scenarios. The report will include 
maps, graphs and tables of 
results. 

Report 
accepted by 
USQ and Dairy 
Australia. 

30/06/2017 
(delayed) 

Link pressure risk to water 
quality: Demonstrate 
empirical links or 
dissociations between dairy 
farm nutrient loss risk and 
catchment water quality in 
three focus catchments 

Complete a technical report 
(Deliverable 3) that 
demonstrates empirical links or 
dissociations between dairy farm 
nutrient loss risk and catchment 
water quality in three focus 
catchments. 

Report 
accepted by 
USQ and Dairy 
Australia. 

30/06/2017 
(delayed) 

Aspects of Objective 1 that were not met 
Not all transport and management factors were mapped at national and RDP 
scales because some data were not available at these scales (Table 2 and Table 
3).  

Pathogen loss risk was not assessed at national and regional scales or Victorian  
catchment scales but was addressed in Tasmanian focus catchments, where the 
issue is of most relevance to water quality values due to the oyster industry 
presence and recreational use values. 

Aspects of Objective 2 that were not met 
Evaluation of the risks to water quality from dairy landscapes and management 
was undertaken in four focus catchments rather than three. In the two 
Tasmanian focus catchments, the CAPER modelling approach allowed for a 
comparison of the risks to water quality from dairy land use relative to other 
land uses under scenarios of dairy expansion. However, water quality risks were 
not evaluated relative to other land uses in the two focus catchments in Victoria 
due to a paucity of management practice data, particularly in spatially variable 
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format, for any land use (including dairying). Instead the focus was on 
evaluating the landscape pressures from dairy-farmed land only. 

Aspects of Objective 3 that were not met 
A simple comparison of water quality indicators in the four focus catchments 
with FNLI outcomes was made but because the data used for the FNLI 
assessment did not include a temporally dynamic aspect, only general and long 
term water quality data summaries were used for the comparison.  

Methodology 

Objective 1 
Landscape and management pressures on water quality were mapped or 
tabulated at national and regional dairy program scales for 17 of the 21 
indicators included in the Farm Nutrient Loss Index (Melland et al. 2007). The 
sources of data used are described in Table 2. Proxy pressure indicators were 
identified where necessary. Spatial data layers created by this project are listed 
below and are available on request.   

• dairy farm locations 

• dairy soils 

• runoff modifying features 

Table 2. Landscape and management pressure FNLI indicators at RDP scale  

Landscape 
pressure  

Pressure Indicator Sample type and 
size 

Reference  

Surplus water 
& storm 
likelihood 

FNLI surplus water 
class  

Spatial census at 
rainfall district scale 

(Melland et al., 2007; 
Commonwealth of 
Australia, 2014b). 

Irrigation  percentage of dairy 
farm irrigated in 2014-
15 

Survey of 
percentage of 31 – 
110 farmers per 
region 

(Watson and Watson, 
2015) 

Slope median 300m radius 
slope  

Modelled spatial 
census, 90m x 90m 

(Gallant and Austin, 
2012a) 

Waterlogged 
area 

(proxy) Topographic 
wetness index 
percentile range classes 

Modelled spatial 
census, 90m x 90m 

(Gallant and Austin, 
2012b) 

Proximity to 
waterway 

proximity of dairy land 
unit boundary to  major 
and minor waterways 
and open water 

Spatial census, 
1:250,000 

(Commonwealth of 
Australia, 2014a) 
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Soil type  Australian Soil 
Classification - 
Dominant Soil Order  

Modelled spatial 
census, 250m x 
250m 

(ACLEP, 2012) 

Topsoil P 
fixation  

median P buffering 
index for routinely 
grazed paddocks  

Data from 2-9 
farms per region, 
2007-09   

(Gourley et al., 2015) 

Management 
Pressure  

Pressure Indicator Sample type and 
size 

Reference  

Stocking rate mean cows per milking 
platform area, cows/ha  

Survey of 31 – 110 
farmers per region 

(Watson and Watson, 
2015) 

Soil test P  median soil Olsen P for 
routinely grazed 
paddocks 

Data from 2-9 
farms per region, 
2007-09 

(Gourley et al., 2015) 

Fertiliser rate N (proxy) mean fertiliser 
N applied in 2014-15,  
kg N/ha 

Survey of 31 – 110 
farmers per region 

(Watson and Watson, 
2015) 

Fertiliser rate P mean inorganic 
fertiliser P applied, kg 
P/ha 

ADIS 2003 survey 
of 68% of dairy 
businesses at state 
scale; data from 2-
9 farms per region 
from 2007-09  

(Gourley et al., 2012; 
ABARES, 2015) 

Fertiliser 
application 
timing 

(proxy)  % of farmers 
who match N 
applications to pasture 
growth and rotation 
length 

Survey of 31 – 110 
farmers per region  

(Watson and Watson, 
2015) 

 (proxy) modal fertiliser 
timing relative to runoff 
and leaching risk  

Voluntary self-
assessment by 90 
farmers 

(DairySAT results 
2014, Dairy Australia 
unpublished) 

Effluent 
application 
timing   

(proxy)  % distributed 
to land [assumed cf 
point source discharge] 

Survey of 31 – 110 
farmers per region  

(Watson and Watson, 
2015) 

 (proxy) Modal effluent 
pond storage practice 
class  

Voluntary self-
assessment by 90 
farmers 

(DairySAT results 
2014, Dairy Australia 
unpublished) 

Effluent 
application rate 

(proxy) % test nutrient 
value of effluent 

Survey of 31 – 110 
farmers per region  

(Watson and Watson, 
2015) 

 (proxy) modal manure 
stockpile management 
class 

Voluntary self-
assessment by 90 
farmers 

(DairySAT results 
2014, Dairy Australia 
unpublished) 

Nutrient 
hotspots 

% farms with complete 
waterway fencing 

Survey of 31 – 110 
farmers per region  

(Watson and Watson, 
2015) 
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 % farms with a feedpad Survey of 31 – 110 
farmers per region  

(Watson and Watson, 
2015) 

 % area of farm used 
for effluent application 
in a year 

Survey of 31 – 110 
farmers per region  

(Watson and Watson, 
2015) 

 % of routinely grazed 
paddocks > 3x the 
agronomic optimum 
soil P  

Data from 2-9 
farms per region 
from 2007-09 

(Gourley et al., 2015) 

Pasture type (proxy) % of average 
farm area (ha) under 
crops  

Survey of 31 – 110 
farmers per region 

(Watson and Watson, 
2015) 

Groundcover annual maximum bare 
ground 2000-2014 

spatial imagery 
census, 
500mx500m 

(ABARES 2011) 

 

Objective 2 and 3 

Focus catchments 
Focus catchments were selected for detailed risk assessment in the Dairy Tas, 
WestVic Dairy and GippsDairy Regional Dairy Program regions. These regions 
were identified in a scoping study as having high or emerging water quality 
interest to the dairy industry (Melland 2015). Criteria used to select catchments 
within these regions for detailed assessment included: 

• high level of public, industry and/or catchment manager scrutiny on dairy 
farm impacts on water quality 

• high current source pressure on one or more water quality indicators (i.e. 
nutrients, sediment, pathogens) 

• high potential future source pressure (i.e. likely dairy expansion and/or 
intensification in the future) on one or more water quality indicators 

• regionally representative source and transport pressures on one or more 
water quality indicators, and  

• high source and transport pressures on each water quality indicator. 

The selected focus catchments in Tasmania were the Duck River and Meander 
River (Figure 1); in south-west Victoria was the Curdies River, and in Gippsland 
was the Macalister Irrigation District (Figure 2). The catchments varied in their 
physical and land use characteristics (Table 2). 

The dairy industry in Tasmania has undergone recent rapid growth and this 
growth is projected to continue, including in high value water catchments. Milk 
production from July to December 2014 was 12.4% higher than the previous 
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year’s production (Dairy Australia 2015a), and the industry aspires to increase 
milk production by 8-10% per year over 7 years (Smith and Jarman 2014) as 
well as to have the best water quality in the world (Dairy Australia 2014a). In 
the Circular Head region of north-west Tasmania pathogen and nutrient export 
to waterways is high and detrimentally affects downstream recreational uses and 
oyster farming (Broad and Corkrey 2011). The region also supports 40% of the 
state’s dairy cows. The Duck River catchment represents a ‘hump and hollow’ (ie 
artificial surface drainage of seasonally waterlogged flat area) dairy landscape 
which is typical of the Circular Head region (DPIWE 2003; Broad and Cotching 
2009; Bende-Michl et al. 2013).  

In the Tamar Estuary catchment in northern Tasmania there is community 
concern over enterococci, nutrients and sediments loads from upstream. There is 
already significant export of nutrients from dairy farms to waterways and there 
is potential for expansion of the dairy industry. The Meander River catchment 
represents an extensive, channelised dairy landscape typical of the North and 
Central regions of Tasmania. The Meander Valley catchment was studied in 
addition to the Duck River catchment to provide a contrasting landscape for 
comparison.  

The WestVic Dairy region contributes 23% of Australia’s milk production (Dairy 
Australia, 2014d). Hassall and Associates Pty Ltd (2007) identified a lower than 
expected degree of effluent management compliance with the State Environment 
Protection Policy for dairy farms in the Glenelg-Hopkins and Corangamite CMAs 
than in other EPA-audited regions throughout Victoria. Poor water quality 
persists in the regional waterways despite some pressures decreasing in recent 
years, such as improved effluent management and increased riparian 
vegetation. Within this region, the Curdies River catchment is characterised by a 
high density of dairy cows and relatively high fertiliser use. Empirical links have 
been identified between water quality (total N, Kjeldahl N, NOx, total P, 
particulate P and filterable reactive P concentrations) and dairy industry 
intensification over the period 1990 - 2000 in the Scotts Creek subcatchment 
which has ephemeral streamflow that is driven by surface runoff (Smith et al. 
2013). Soils and management practices used for dairy production in the region 
were assessed using the Farm Nutrient Loss Index at 81 sites across 24 farms 
(Greenwood et al. 2008). The soil types represented by the farms included 
gradational soils, texture contrast soils, sands and sands with pans, and strongly 
acidic mottled texture contrast soils. Almost two-thirds of these sites were found 
to have a high risk of deep drainage of nitrogen due mainly to their sandy soils 
or high fertiliser rates associated with high stocking rates. The risk of 
phosphorus loss in runoff was found to be low at most sites, despite the median 
Olsen P level across the sites being very high (47 mg/kg). The Curdies river 
catchments was selected as a focus catchment, with support from the 
Corangamite CMA, the Heytesbury and District Landcare Network, DPIWE, 
DEDJTR and WestVic Dairy via G.Ward.  
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The GippsDairy region has the largest herd size of all the Regional Dairy Program 
regions (422000 cows, (Dairy Australia 2014b)), produces 21 percent of 
Australia’s dairy milk (Dairy Australia 2014b), and is the highest value 
agribusiness industry in the West Gippsland Catchment Management Authority 
region (West Gippsland Catchment Management Authority 2012). The 
GippsDairy region is also co-located with three coastal water quality hotspots – 
Corner Inlet in South Gippsland, the Gippsland Lakes in the east, and Port Philip 
and Westernport Bay to the west 
(http://www.agriculture.gov.au/water/quality/wqips/hotspots, Accessed 31 
December 2017). The Gippsland Lakes support significant commercial and 
recreational fishing and other water-based recreational and tourism activities. 
The Lakes have high environmental values, are listed Ramsar sites and are a 
Priority Landscape Area in the West Gippsland Regional Catchment Strategy 
(West Gippsland Catchment Management Authority 2012). Irrigated dairy 
contributes 20% of the phosphorus load to the Lakes (Ladson and Tilleard 
2006). The majority of irrigated dairy within the Lakes catchment sits within the 
Macalister Irrigation District (MID). The MID has been actively involved in 
numerous water quality monitoring and improvement strategies and studies 
(Ladson 2012; Roberts et al. 2012; Lowe and Sharpe 2014) and was selected as 
a focus catchment, with support from the MID Sustainability Workshop Group.  

 
Figure 1. Tasmanian river regions, dairy landuse extent and the Duck River and Meander River focus catchments. 
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Figure 2. Victoria’s river regions, extent of dairy landuse and the Curdies River and Macalister Irrigation District 
focus catchments. 

 

FNLI spatial risk assessment 
FNLI factors were rated at regional and catchment scale according to the 
landscape and management practice pressure scores described for paddock-
scale assessment as per Melland et al. (2007). The risk of phosphorus loss in 
runoff, nitrogen loss in runoff and nitrogen loss in deep drainage was then 
calculated, also using the methods and factor weightings provided by Melland et 
al. (2007). Factor weightings were uniform for the runoff loss pathway 
calculations but regionally variable weightings were used by Melland et al. 
(2007) for calculation of the nitrogen loss in deep drainage risk. The regional 
weightings applied in this study were those of West Gippsland for the MID 
assessment, of South West Victoria for the Curdies River assessment, and of 
North and North West Tasmania for the Duck and Meander River assessments. 
The FNLI was applied spatially using a rastor calculator in ArcGIS Desktop 10.5 
(ESRI 2017) to each focus catchment by assigning a FNLI score as a floating 
point number to each 30 x 30 m pixel. Only the landscape pressures were 
available with a spatially variable element (Table 16, Appendix 2) so the 
management pressures were applied as single risk scores across the whole focus 
catchment, using the modal risk score (Table 17, Appendix 2). 

Data sources used to characterise the landscape and management practice 
pressures that differ from those used at the RDP scale are shown in Table 3. 
Management practice pressure data were scarce at catchment scale. This is not 
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uncommon across catchment water quality studies internationally. Melland et al. 
(2018) reviewed 24 studies of water quality impacts from agricultural practice 
and found that nutrient source information was often not collected or reported. 
Management practice data are harder to acquire than landscape data, 
particularly with the increasing availability to the general public of government-
acquired spatial data. Where source data were reported they were collected by 
farmer surveys (Monaghan et al. 2009; Wilcock et al. 2009; O'Donnell 2012) and 
/or farm data collection (Bechmann et al. 2008; Kronvang et al. 2008; Daroub et 
al. 2011; Wall et al. 2011). Agricultural census data in Australia are not available 
to the public at the smallest spatial unit of reporting (i.e. mesh blocks, which 
capture roughly 1 to 6 farms). Surveys of a range of farmers within focus 
catchments are therefore recommended to provide a more accurate source of 
data at the catchment scale. Collation of catchment level data is also 
recommended (e.g. Fert$mart data) where agreeable by the farmers who 
purchase or collaborate in these extension services. In this study, expert opinion 
(Kelly and White 2016) and regional data were used in the absence of available 
catchment–scale data. Expert opinion regarding catchment-scale management 
practices was considered to be of only intermediate quality because people find 
it hard to give quantitative estimates of management practices.  

 

Table 3. Sources of data used for catchment scale FNLI assessment, where these differed from 
sources used at RDP scale 

Landscape 
pressure  

Pressure 
Indicator 

Sample type and size Reference  

Irrigation  percentage of 
dairy farms 
irrigated in 2016 

Survey of 2-5 experts per 
region 

(Kelly and White 
2016) Appendix 
3 

Topsoil P fixation  median P buffering 
index for routinely 
grazed paddocks  

Duck: Expert opinion, 
2014-16 
Meander: Expert opinion, 
2014-16 
Curdies: interpretation 
from data from 24 farms, 
2005-07 
MID: Data from 3-9 farms 
per region, 2007-09   
 

(Greenwood et 
al. 2008; Gourley 
et al. 2015) 
(W.Cotching 
Pers. Comm) 

Runoff modifying 
features 

Scores derived 
from spatial 
assessment of 
accelerating 
features (artificial 
surface drainage) 
less decelerating 
features (farm 
water storages  

Duck and Meander: Spatial 
census using 1:250000 
DEM, 1:25,000 CFEV river 
network  
 
Curdies and MID: 
Spatial census using 
1:250000 DEM, main river 
network and state landuse 

(Geoscience 
Australia 2008; 
Hill and Melland 
2008; 
Commonwealth 
of Australia 
2014; Tasmanian 
Government 
2015)  
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and riparian 
buffers. All rivers 
were allocated 
15m riparian 
buffers. 

layer 
 

Groundwater 
depth 

Average depth to 
groundwater 

Duck: Expert opinion 
Meander: Expert opinion 
Curdies: Spatial 
interpolation 1980-2007, 
100 m x 100m 
MID: Spatial interpolation 
1980-2007, 100 m x 100m 

(The State of 
Victoria 2017) 

Dominant 
landshape 

Percentage of area 
under flat, planar, 
convex or concave 
landshape 

Spatial census at 1s pixel 
size. Planar surfaces were 
assumed to be pixels with 
curvature in the range  -
0.001 – 0.001. Slopes of 
less than 1 degree were 
assumed to be flat. 

(Gallant and 
Austin 2012a; 
Gallant and 
Austin 2012b) 

Management 
Pressure  

Pressure 
Indicator 

Sample type and size Reference  

Stocking rate modal cows per 
milking platform 
area, cows/ha  

Survey of 2 – 5 experts 
per catchment 

(Kelly and White 
2016) 

Soil test P  soil Olsen P for 
routinely grazed 
paddocks 

Duck: Reported means 
from 606 paddocks, 
aggregated by sub-regions 
of the catchment 
Meander: Median of 
reported data from 14 
farms  
Curdies: median of 157 
soil sites across 24 dairy 
farms, 2005-2007 
MID: as per RDP 
assessment - Data from 9 
GippsDairy farms, 2007-
2009 

(Broad and 
Cotching 2009) 
 
(Ives et al. 2013) 
 
(Greenwood et 
al. 2008) 
(Gourley et al. 
2015) 
 
 

Fertiliser rate N (proxy) modal 
fertiliser N applied 
in 2014-16,  kg 
N/ha 

Duck and Meander:  
as per RDP assessment - 
Survey of 31 – 110 
farmers per region 
 
Curdies & MID: Survey of 
2 – 4 experts per 
catchment  

(Watson and 
Watson 2015)  
 
 
 
  

Fertiliser rate P Modal  inorganic 
fertiliser P applied, 
kg P/ha/yr 

Duck and Meander: as per 
RDP assessment - ADIS 
2003 survey of 68% of 

(Gourley et al. 
2012; ABARES 
2015a) 
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dairy businesses at state 
scale; data from 3-9 farms 
per region from 2007-09  
 
Curdies & MID: Survey of 
2 – 4 experts per 
catchment  

 
 
 
 
 
 

Fertiliser 
application timing 

(proxy)  % of 
farmers who 
match N 
applications to 
pasture growth 
and rotation 
length 

Duck and Meander: as per 
RDP assessment - Survey 
of 31 – 110 farmers per 
region 
 
 

(Watson and 
Watson 2015) 
 
 

 modal fertiliser 
timing relative to 
runoff and 
leaching risk  

Curdies and MID: Survey 
of 2 – 4 experts per 
catchment  

 

Effluent 
application timing   

(proxy)  % 
distributed to land 
[assumed cf point 
source discharge] 

Duck, Meander, Curdies 
and MID: Survey of 2 – 4 
experts per catchment
   

(Kelly and White 
2016) 

 (proxy) Modal 
effluent pond 
storage practice 
class  

Duck, Meander, Curdies 
and MID: Survey of 2 – 4 
experts per catchment 

 

Effluent 
application rate 

(proxy) % test 
nutrient value of 
effluent 

Duck, Meander, Curdies: 
as per RDP assessment - 
Survey of 31 – 110 
farmers per region  
 

(Watson and 
Watson 2015) 

 Rate applied 
relative to pasture 
needs and soil 
conditions 

MID: Survey of 2 – 4 
experts 

 

Nutrient hotspots % waterways 
fenced or 
inaccessible to 
stock 

Duck, Meander, Curdies 
and MID: Nutrient BMP 
expert opinion (2-5 
experts per catchment 
region) 

(Kelly and White 
2016) 

 % farms with a 
feedpad 

Duck, Meander, Curdies 
and MID: Survey of 2 – 5 
experts per catchment 
region 

(Kelly and White 
2016) 

 % farms using 
<5% of farm area 
to spread effluent 

Duck, Meander, Curdies 
and MID: Survey of 2 – 5 
experts per catchment 
region 

(Kelly and White 
2016) 

 % of routinely Duck: Interpretation of (Broad and 
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grazed paddocks 
> 3x the 
agronomic 
optimum soil P  

means reported for 606 
paddocks, aggregated by 
sub-regions of the 
catchment 
Meander: interpretation of 
means reported data from 
14 farms  
Curdies: 157 soil sites 
across 24 dairy farms, 
2005-2007 
MID: Data from 9 
GippsDairy farms, 2007-
2009 

Cotching 2009) 
 
 
(Ives et al. 2013) 
 
(Greenwood et 
al. 2008) 
(Gourley et al. 
2015) 
 

 

CAPER DSS management scenario modelling of dairy and 
other landuses in Tasmania 
The CAPER DSS was used to estimate the contribution of dairy areas to 
catchment pollutant loads (TN, TP, TSS and enterococci) relative to other diffuse 
and point sources in the Tasmanian focus catchments.  

The CAPER DSS is a decision support system originally designed to support the 
development of Water Quality Improvement Plans. It has been designed to allow 
end-users to assess the relative contribution various point and diffuse sources 
make to catchment loads as well as the potential impact of changes in land use 
and management. It produces catchment load estimates in terms of average 
annual or seasonal loads, and in some cases, where downstream impacts on an 
estuary are important, also models the impact of changes in catchment load 
exports on estuary water quality. 

The first CAPER DSS was developed for the Great Lakes in NSW to support the 
Great Lakes WQIP which was launched in 2009. Since then the DSS has been 
applied to develop WQIPs in Darwin Harbour, Botany Bay, Sydney Harbour, the 
Tamar Estuary and Esk (TEER) catchments, and more recently, using a 
simplified approach, to several other smaller catchments in Tasmania (see Kelly 
(2015) for more details). This simplified version is referred to as the MiniCAPER 
DSS and has been used in this analysis to consider the Duck River catchment. 
The CAPER DSS has been constantly modified and adapted for each of the 
catchments and estuaries for which it has been developed. It is built on an 
integrated model that pulls together components representing the links between 
climate, land use, management practice and catchment and estuary water 
quality. Different components are included in each new catchment case study to 
allow for the specific pollutant sources and relevant management actions to be 
considered. The interface has also been continuously modified to meet the 
changing needs of new applications. 
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Figure 3. Integrated model framework underlying TEER CAPER DSS 

The TEER CAPER DSS was modified from previous versions based on feedback 
received from stakeholders during the scoping phase of the TEER WQIP 
development. The integrated model framework for the TEER CAPER DSS is 
shown in Figure 3. It consists of:  

• A metamodel (ie. a simpler empirical model of model outputs), using flow 
duration curves, derived from a Source Catchments model developed for the 
TEER catchment (BMT WBM, 2010). This models pollutant loads from 
subcatchments and local government areas (LGAs) to allow scenarios to be 
created and analysed on either basis. This model outputs flow, total 
suspended sediments (TSS), total nitrogen (TN) and total phosphorus (TP) 
and enterococci.  

• A metamodel of the Model for Urban Stormwater Improvement 
Conceptualisation (MUSIC) model to allow various water sensitive urban 
design (WSUD) treatment train options to be investigated. 

• A metamodel of combined system overflows based on results from a detailed 
hydraulic model of Launceston combined sewer-stormwater system. 

• An empirical model of sewage treatment plant (STP) loads based on data 
provided by TasWater as well as a metamodel of hydraulic model outputs for 
the STP at Ti Tree Bend. 

• An empirical model of aquaculture operations based on data provided by Van 
Diemen Aquaculture. 

• Models of the impact of management actions in agricultural (cropping, 
horticulture, grazing and dairy) and production forestry areas on pollutant 
loads and concentrations using empirical and literature information sources 
including: riparian vegetation and streamside reserves, restricting stock 
access to stream, improved fertilizer management, groundcover 
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management, irrigation management, effluent management and the 
management of drains and laneways in dairy areas. 

• A metamodel of a receiving water quality model estimating the impacts of 
changes in diffuse and point source pollutant loads on estuary water quality. 
This metamodel uses a tracer approach to produce map based spatial impacts 
on pollutant concentrations in the estuary. 

The Meander River catchment is part of the TEER catchment so impacts 
estimated in this report are based on a recently updated version (end 2017) of 
the TEER CAPER DSS. A modified version of the TEER DSS, the MiniCAPER DSS, 
has been applied to the Circular Head catchments including the Duck River 
catchment to estimate catchment loads and the influence of potential 
management actions. The MiniCAPER DSS uses the same modelling framework 
as the original CAPER DSS but differs in two main ways: 

• An empirical model of per unit area quick and slow flows is used in place 
of the Source Catchments metamodel; 

• No receiving water quality model is included. 

This simpler version of the CAPER DSS is used where the expense of developing 
a fully calibrated Source catchments model and receiving water quality model is 
not warranted.  

The development of the TEER CAPER DSS and MiniCAPER DSS for the Duck River 
catchment are described in more detail in Kelly (2017a) and Kelly et al. (2015). 

Scenarios analysed were developed based on key stakeholder feedback on the 
barriers to adoption of various management practices and levels of adoption that 
could be achieved with and without different interventions such as education and 
incentives. This feedback was obtained during the development of WQIPs for 
both catchments (the Circular Head WQIP and modelling was developed in 
concert with this Dairy Australia Project to allow cost sharing between the two 
projects, to leverage a greater research output than would otherwise have been 
possible from either project in isolation). 

Further detail on the case studies can be found in two technical reports (Kelly 
2017a; b). 
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Results and discussion 

National and regional scale assessments (Objective 1) 
Landscape pressures 

Farm Nutrient Loss Index landscape pressures were generally low to moderate 
at the national scale. Low risk attributes can be used to promote the industry’s 
environmental credentials whereas high risk attributes can be used to identify 
where nutrient loss reduction strategies are likely to be most effective.  

High pressures from landscapes at the regional scale included high surplus water 
in the DairyTas, Gippsdairy, Dairy NSW and Western Dairy regions, and in the 
Murray Dairy region after accounting for irrigation, and soils with high runoff 
potential in the Western Dairy and Subtropical dairy regions. There was also a 
high potential for P fixation by the soil in the DairyTas region, presenting a risk 
for P loss via erosion but a low risk via drainage. Whilst the majority of dairy 
farm land boundaries were more than 300 m from a surface waterbody, more 
than 25% of dairy land was naturally <30 m from major or minor waterways 
nationally, and in WestVicDairy, DairyTas, Murray Dairy, and DairySA. 
Management of paddocks close to waterways therefore may warrant priority in 
these regions.  However, some waterways may have been calculated to be 
closer to farm boundaries than they are in reality due to the best-available 
spatial datasets of dairy farm land extent, in all states but Tasmania, including a 
1 km buffer around land parcels or dairy sheds.  

Because landscape pressures are generally inherent characteristics of the land, 
reducing these pressures is difficult or not possible. Instead, in regions with high 
landscape pressures and low management pressures, nutrient loss may be 
minimised by managing structures and natural features that modify runoff and 
drainage such as retaining eroded sediment in dams and diverting laneway 
runoff away from streams (Wilcock et al. 2013a; Ockenden et al. 2014), and by 
careful management of nutrients at high risk times such as storms and wet 
periods (Shore et al. 2016) and in high risk places such as near streams 
(Wilcock et al. 2013a). Any strategy needs to be assessed in terms of its 
applicability at field and catchment scale, its cost-effectiveness (McDowell and 
Nash 2012), and its potential for ‘pollution swapping’. Pollution swapping occurs 
when mitigation of one aspect of environmental degradation leads to an increase 
in another aspect of degradation. For example, in sandy catchments, riparian 
buffers are likely to decrease streambank erosion but consequently increase the 
proportion of bio-available P in waterways (Weaver and Summers 2014). 

Management pressures 

Pressures from management practices were moderate at national and regional 
scales except for high soil test P levels, presenting a potential P source for loss in 
runoff or drainage, high hotspot pressure in the SDP region and high effluent 
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rate management risk across all regions. Effluent rate management risk was 
assessed as the proportion of farmers who test their land-applied effluent for 
nutrient levels, and this proportion was ≤ 30% of survey respondents across all 
regions (Watson and Watson, 2015). Data on actual effluent rates and nutrient 
values applied would better inform this risk factor. The high effluent rate 
management risk, along with a moderate effluent hotspot risk assessed for most 
regions, present diffuse (field) nutrient management issues. In contrast, the 
point source risk of direct discharge of effluent to waterways was low, with at 
least 81% of survey respondents within regions applying dairy shed effluent to 
land (Watson and Watson, 2015).  

Soil P test levels higher than Olsen P 15 mg/kg were considered to be ‘high’, 
based on a 95% of potential yield critical soil test value identified for a national 
set of data (Gourley et al. 2007). However, dairy farmers may be guided by 
higher critical values and targets such as those described in the Fert$mart soil 
fertility guidelines. Aiming for a locally accepted agronomically optimum range is 
an ideal management approach and in paddocks with low risk of runoff or 
drainage and high potential for pasture growth, may provide an opportunity for 
maintaining a soil P bank if needed. In paddocks with high runoff or drainage 
risk, however, there is no ‘environmentally safe’ Olsen P range (assuming 
groundcover is not limited by available soil P) so maintaining levels at the low 
end of any locally accepted agronomic optimum range is the best policy, so that 
soil P bank reserves don’t get washed off. On high risk paddocks, soil P levels 
should ideally be managed in conjunction with maintaining good groundcover, 
minimising compaction, and by avoiding nutrient applications and heavy grazing 
during very wet periods. Within paddock variability of Olsen P is high so 
repeated sampling and a robust field sampling method is important, as is using a 
reputable laboratory to minimise analytical variability. 

Nutrient loss risks 

After applying the FNLI and combining the landscape and practice pressures, 
priority regions and practices for reducing the risk of N loss in deep drainage and 
P loss in runoff were identified.  

Nitrogen loss in deep drainage 
Priority regions and practices for reducing the risk of N loss in deep drainage was 
N management on well-drained soils in Gippsland, NSW and the Subtropical 
dairy region (Figure 4).  
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Figure 4. Nitrogen in deep drainage risk for modal extents of rainfall districts within regions (green 
is low risk, orange is medium risk, and dark orange is high risk). Two rainfall districts in the 
Western Dairy region were in the modal surplus water class and had different FNLI weights so 
were calculated separately. 

Low, medium and high risk classes broadly correlate to annual N loss in deep 
drainage of <5 and 5-10, and 10-30 kg/ha, respectively (Melland, A. 
unpublished data). In the FNLI, weightings specific to different rainfall districts 
are applied to factors contributing to the risk of N in drainage (Melland et al., 
2007) so the FNLI was not applied at the national scale. In contrast to other 
regions, landscape (transport) pressures were given lower overall weightings of 
importance than farm management (source) pressures in the rainfall districts 
selected to represent the Dairy NSW and SDP regions in this assessment 
(Melland et al., 2007), and this increased the risk levels identified for farm 
management pressures in these regions, relative to other regions.  

After multiplying the risk class scores with the factor weightings, the three 
pressures that contributed the most to a high risk of N loss in deep drainage 
were: 

• high surplus water, well-drained soil types and shallow rooting pastures in 
the Gippsland region, and  

• in the Dairy NSW and Subtropical dairy regions,  
o effluent rates not always being informed by nutrient testing,  
o timing of fertiliser application carrying a high risk even when 

managed well relative to periods of high leaching loss, and  
o a prevalence of nutrient hotspots of excessive Olsen P, small 

effluent application areas, feed pads, and unfenced waterways.  

Management practices that may therefore reduce the risk of N loss in drainage in 
these regions are maximising pasture uptake of soil-water and N, especially 
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during the wettest periods of the year, and minimising the development of 
nutrient hotspots in areas of naturally or artificially well-drained soil. Critical also 
is to match the rate and timing of applied effluent and N fertiliser to pasture 
needs and avoiding applications during periods of soil saturation. 

Phosphorus loss in runoff 
Medium priority regions for reducing the risk of P loss in runoff were DairyTas, 
GippsDairy, Western Dairy, and Dairy NSW (Figure 5).  

 

 
Figure 5. Phosphorus in runoff risk across RDP regions, and nationally (green is low risk, orange is 
medium risk). 

Low and medium risk classes broadly correlate to annual P loss in runoff of <0.5 
kg/ha and 0.5-2 kg/ha, respectively (Melland, A. unpublished data). Transport 
factors combined were most influential to P runoff risk in 5 of the 8 regions and 
source factors combined were more influential at national scale and in WestVic 
Dairy, Dairy SA and SDP regions.  

After multiplying the risk class scores with the factor weightings used in the 
FNLI, the three factors that contributed the most to medium risk of P loss in 
runoff in each of the DairyTas, GippsDairy, Western Dairy and Dairy NSW 
regions were: 

o surplus water and effluent application rates across all four regions, 
o soil type in Western Australia,  
o soil test P levels in Gippsland, Western Australia and Dairy NSW, 

and 
o stocking rate in Tasmania. 

Management practices that may therefore reduce the risk of P loss across these 
regions are minimising fertiliser, effluent applications and grazing in high risk 
paddocks (e.g. waterlogged and connected or close to waterways) and unbunded 
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hard surface areas (e.g. lanes) and at high risk times for erosion or dissolved P 
loss in runoff (e.g. storms or prolonged wet periods). 

 

Focus catchment assessments (Objectives 2 and 3) 

FNLI spatial risk assessment 

Phosphorus loss in runoff 
All four focus catchments had a high risk of P loss in runoff according to the FNLI 
assessment (Table 4 and Figure 54, Appendix 2). Overall, the landscape 
pressures dominated the risk rather than management practice pressures due 
largely to the higher weighting attributed to landscape pressures in the risk 
calculation. Surplus water and proximity to waterway pressures played a large 
role in all catchments. However, some management factors (runoff modifiers 
(Meander), soil test P (Curdies and MID), effluent rate (Duck) and effluent 
timing (MID)) also contributed to the high P runoff risk.  

Phosphorus in runoff at the corresponding RDP spatial scale was calculated as 
lower risk (low risk in WestVic Dairy and medium risk in Dairy Tas and 
GippsDairy regions) than at the catchment scales because of higher transport 
pressures in all catchments and higher nutrient source pressures in the MID and 
Duck river catchments compared with the RDP scale (Appendix 1 vs Table 16 
and Table 17 in Appendix 2). Hotspots scored higher in the Curdies than at RDP 
scale but lower in the other catchments than at RDP scale. Better information on 
the prevalence of hotspots and how well (or otherwise) hotspots are managed 
would be helpful because hotspot information in this assessment was often 
based only on one or two expert opinions. Proximity to waterways was 
calculated as low risk at regional scale, and runoff modifiers were mapped as 'no 
features' at regional scale due to no data (compared with net acceleration from 
runoff modifying features calculated for the Tasmanian catchments).  These risks 
were not necessarily higher in the catchments than across the region but the 
risks were able to be calculated more accurately at the catchment scale, than at 
the regional scale. In the MID, the modal soil type was also more prone to runoff 
than across the Gippsdairy region more broadly. In the Duck catchment, there 
was a higher pressure from waterlogging than across the DairyTas region more 
broadly. In the MID, management pressures that scored more highly (i.e. higher 
pressure) than at regional scale were timing of fertiliser and effluent application 
and stocking rate but other pressures (nutrient hotspots, effluent rate) were 
lower at catchment scale. In the Duck catchment management pressures that 
were higher than at regional scale were soil test P, effluent timing and stocking 
rate and those that were lower were nutrient hotspots and topsoil P fixation. 
Again these pressure differences may not all have been real but rather due to 
more accurate, or simply different, sources of information.  
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Options to reduce the risk of P loss in runoff across all focus catchments are 
managing water surpluses (i.e. wet times and places on the farm), managing 
nutrients well on paddocks close to waterways, retaining or reducing the 
connectivity between farm runoff and receiving waterways in the Meander 
catchment, reducing excessive soil P test levels in the MID and Curdies 
catchments and improving the management of dairy shed effluent in the MID 
and Duck catchments. 

Nitrogen loss in runoff 
Nitrogen loss in runoff was predicted as high (Curdies, MID and Meander) to 
very high risk (Duck) across the four focus catchments (Table 4 and Figure 54, 
Appendix 2). Transport pressures (proximity to waterways, surplus water) and 
management factors (runoff modifiers in Meander, effluent rate in Duck, effluent 
timing in MID and nutrient hotspots in Curdies) play a role in N runoff risk across 
the catchments. The nutrient hotspots in the Curdies catchment include the 
relatively small percentage of the area of farm used for effluent application, and 
sacrifice paddocks and feed pads, which are commonly used to keep stock off 
pastures when they are wet. Transport pressures dominate the risk compared 
with management pressures for N loss in runoff, as expected due to their higher 
weightings. 

Nitrogen in runoff at RDP scale shows a lower risk than focus catchment risks 
due again to proximity to waterways being calculated as lower risk at regional 
scale, and runoff modifiers being mapped as 'no features' at regional scale due 
to no data. Source risks were scored as per the RDP scale in the absence of data 
at the catchment scale. Both landscape (surplus water, soil type) and 
management (effluent rate, runoff modifying features) pressures contributed to 
the medium risk ratings for N in runoff from DairyTas, Western Dairy and Dairy 
NSW RDPs. The remaining RDPs had low N in runoff risks. 

Options to reduce the risk of N loss in runoff are similar to those for managing P 
loss with the addition of managing nutrient hotspots in the Curdies catchment. 

Nitrogen loss in deep drainage 
Nitrogen loss in deep drainage was low (Curdies), medium (MID) and high 
(Meander and Duck) risk across the focus catchments (Table 4 and Figure 54, 
Appendix 2). The Curdies result contrasts with the high risk found for the 
majority of surveyed dairy farms by Greenwood et al. (2008) and reflects the 
variation in soil type across the catchment with more sandy soils captured by the 
Greenwood survey compared with the lower distribution of sandy (high 
infiltration) soils across the dairy extent identified in this project (16% 
Podosols). The low risk concurs with Smith et al. (2013) who identified that flow 
in the Scotts Creek subcatchment was driven by runoff. The high risk of deep 
drainage in the Duck River was not expected given that in the flat areas of the 
catchment during wet months the water table discharges to the surface rather 
than enabling recharge distribution of N to depth, and given groundwater nitrate 
concentrations were generally low in wells monitored in a nearby catchment 
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(Holz 2009). Despite being scored as ‘shallow but discharging to the surface’ 
rather than ‘recharging the deep groundwater’, the groundwater depth was a 
key pressure in the Tasmanian catchments due mainly to the high weighting of 
influence assigned to that pressure in the FNLI. 

Transport factors dominated risk compared with source factors for N loss in deep 
drainage, as expected due again to their higher weightings. Landscape (soil 
type, surplus water) pressures played the major role in the risk of N loss in 
drainage across the catchments.  

Options to reduce the risk of N loss in deep drainage are managing the 
availability of N for leaching on free-draining soils at wet times and places on the 
farm, particularly in the Tasmanian catchments if water tables are high and have 
the potential to recharge the local groundwater.   
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Table 4.  FNLI risk classes for each RDP region based on modal pressure scores, and modal risk class for each of the four focus catchments based on 
spatial application of the FNLI  
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** The risk of N loss in deep drainage in DairyTas changed from high in the Melland et al. (2017) FLRC paper to medium risk 
after shifting the Podosol soil type from the high infiltration and drainage soil class into the medium infiltration and drainage 
category because they are influenced by high watertables. 
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MiniCAPER DSS management scenario modelling of dairy 
and other landuses in Tasmania 
Duck River Catchment, Circular Head 

Circular Head occupies the North-west tip of Tasmania. It is the most productive 
and intensive area of dairy in the State, with 40% of all dairy cows residing in 
the region. The Duck River catchment is one of three major catchments in the 
region. The Duck River empties out into Duck Bay where a significant oyster 
industry exists. Over recent years closures of the oyster leases due to poor 
water quality (measured in terms of faecal coliforms) have increased from an 
average of 16 days per year between 1997 and 1999 to 190 days between 2011 
and 2015. The majority of this increase in closures is due to diffuse sources of 
pollution.  

Dairy and beef grazing are the primary intensive land uses in the Duck River 
catchment, covering 26% (milking platform and support blocks) and 15% of the 
catchment area respectively. Combined, the dairy milking platform and support 
blocks produce approximately 60% to 70% of nutrient, 40% of sediment and 
over 80% of faecal coliform diffuse loads. Beef grazing produces nearly 30% of 
nutrients and sediments and close to 20% of faecal coliforms.  Thirty percent of 
the catchment is covered by green space (ie. natural areas of forest or grassland 
not used for any type of production) with remaining areas mostly under either 
softwood or hardwood plantations, or native production forests. There is a single 
point source of pollution, the Smithton Wastewater Treatment Plant (WWTP), 
discharging into Duck Bay.  This WWTP produces 6% to 7% of nutrients entering 
Duck Bay and approximately 1% of TSS and faecal coliforms. There are 
infrequent overflows of sewage from the sewage network in Smithton which are 
also associated with oyster lease closures. 

The last 30 years has seen significant expansion of the dairy industry in Circular 
Head, with a 300% increase in dairy cow numbers over that time. Much of this 
increase has been as a result of increased stocking numbers and intensification 
of production systems. Further expansion of dairy in the region is considered to 
be likely into the future1. The case study considered two alternative options for 
expansion: conversion of failed managed investment scheme plantations to 
dairy; and, conversion of beef grazing areas to dairy. Alternative management 
scenarios are applied to these options to consider the risks posed by expansion 
into each land use type. 

‘Feasible adoption’ scenarios have been developed based on key stakeholder 
feedback (Table 5). These assume education and/or incentives are used to 
overcome barriers to adoption which have been identified by key stakeholders. 
The table shows the rates of adoption assumed to be ‘feasible’ in the scenario 
analysis. 

                                       
1 See Dairy Tasmania’s Into Dairy program for more details 
https://intodairy.com.au/Dairy-Conversions.html 
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Table 5. Rates of adoption assumed to construct feasible adoption scenarios, based on key 
stakeholder feedback 

Option Rate of adoption 

Decrease in milk shed water use 50% decrease in milk shed water use in 
‘low storage’ farms on 80% of ‘at risk’ 
farms located on the flats 

Increase effluent storage 90% sufficient on red soils, 30% to 1 to 2 
months storage on high risk flats 

Increase effluent irrigation area 100% of farms increase to applying 
effluent to 20% of their milking platform  

Manage winter effluent irrigation rate and 
timing 

20% adoption on high risk flats focused 
on farms with some effluent storage 

Fertiliser management 90% adoption 

Exclude stock from streams 70% adoption (not including ephemeral 
streams) 

Exclude stock from drains and ephemeral 
streams 

80% adoption 

Revegetate riparian buffers – 5m with 
upfront incentives 

20% adoption 

 
For each of the two conversion options several management practice scenarios 
were considered, as shown in Table 6. Models were run for expansion projections 
to 10 and 20 years based on an extrapolation of the trend of increasing cow 
numbers in the region continuing for 10 and 20 years respectively. 

Table 6. Management Action Scenarios modelled for each dairy expansion option   

Management Action 
Scenario 

Best Management Practice Adoption Level  

Existing Dairy Areas New Dairy Areas 

Feasible BMP on new and 
existing areas 

Feasible BMPs only Feasible BMPs only 

All BMP (100% adoption) on 
new areas only 

Current level of BMP 
adoption 

100% adoption of all 
BMPs available 

Feasible BMP on new areas 
only 

Current level of BMP 
adoption 

Feasible BMPs only 

Current BMP adoption on all 
areas 

Current level of BMP 
adoption 

Current level of BMP 
adoption 

No BMP on New areas Current level of BMP 
adoption 

No BMP adoption with 
poor practice (worst case 
scenario) 
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The modelling results for the two dairy expansion options are described in the 
next two sections.  
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Option 1. Conversion of Plantation Forest to Dairy  

The first scenario assumes that private plantations within the Duck River 
catchment will gradually be converted into dairying.  The impacts of various BMP 
adoption scenarios on nutrients, sediments and pathogens to the system for 
dairy expansion at 10 years and 20 years are shown in Figure 6 and Figure 7 
respectively. 

 
Figure 6. Impacts on Catchment Loads from Plantation conversion to Dairy under alternative 
Management Action Scenarios – 10 year projection 

 
Figure 7. Impacts on Catchment Loads from Plantation conversion to Dairy under alternative 
Management Action Scenarios – 20 year projection 

These figures show that the greatest impacts of conversion are on nutrients and 
pathogens, with substantially smaller impacts on TSS regardless of the 
management practice adopted. This is because forestry generally contributes 
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relatively low loads of nutrients and pathogens but tends to make a larger 
relative contribution to sediments. All of the scenario options are associated with 
declining water quality, regardless of the level of adoption of BMP. Higher levels 
of BMP adoption across larger areas of the landscape do minimise this impact, 
with the worst case increase in diffuse nutrients and pathogen loads between 
10% and 13% at 20 years, while the best case, where feasible adoption levels 
are achieved on both new and existing areas sees increases of between 7% and 
8%. This figure shows that in order to constrain impacts of conversion of 
plantations to dairy on water quality it is important to improve management on 
both existing and new areas. Best Management Practice adoption on new 
conversion farms alone, even at 100% adoption would not be sufficient to 
mitigate impacts. 

Option 2. Conversion of Grazing to Dairy  

The second option for expansion of dairy in the Duck River catchment is 
conversion of grazing properties into dairy operations. As for forestry, the 
impacts of the five management action scenarios on water quality with 
conversion projected to 10 years and 20 years are shown in Figure 8 and Figure 
9 respectively. 

 
Figure 8. Impacts on Catchment Loads from Grazing conversion to Dairy under alternative 
Management Action Scenarios – 10 year projection 
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Figure 9. Impacts on Catchment Loads from Grazing conversion to Dairy under alternative 
Management Action Scenarios – 20 year projection 

These figures show that conversion of grazing to dairy leads to very different 
impacts on water quality than converting plantation forestry areas. This is 
because grazing and dairy are both associated with elevated levels of pathogen 
and nutrient concentrations. Given that grazing operations are not all adopting 
Best Management Practice, conversion of grazing to dairy has the potential in 
some cases to improve water quality if it is undertaken with high levels of Best 
Management Practice adoption. 

The worst case scenario where no BMP is applied to newly converted farms is 
expected to lead to increases in diffuse pollutant loads after 20 years of roughly 
8% for enterococci, 4% for nutrients and between 1% and 2% for sediments. 
Impacts at the 10 year mark are roughly half this increase in loads. With the 
exception of TSS, improved management on existing areas is required in 
conjunction with conversion of grazing to dairy to lead to no net decline in water 
quality. Adoption of BMP on new conversions at the feasible levels has the 
potential to decrease sediment loads relative to the base case. This is because 
grazing land that is poorly managed is a more significant source of sediments 
than dairying areas due in part to the generally greater cover on these farms. 
Feasible levels of adoption on both new conversions and existing areas have the 
potential to improve water quality compared to the base case for all pollutants at 
10 years and for all pollutants except enterococci at 20 years. This reflects the 
need for an offset on existing properties to compensate for higher pollutants 
exported off new conversions. Feasible levels of adoption are not able to produce 
no net increase in pollutants if applied only to new farms. This means that as the 
area of dairy increases, the protective offset of improved management on 
existing farms is not sufficient to fully compensate for the increase in pollutant 
load due to conversion. 
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Conclusions 

In the Duck River catchment it is not possible to convert areas to dairy and have 
no negative impact on water quality, regardless of the land use being converted 
from. In order to achieve no net increase in pollutant loads, improved 
management on both new and existing dairy farms must be achieved. It should 
be possible to convert grazing areas into dairy without degrading water quality 
in terms of nutrients and sediment, or even with an improvement in water 
quality to some extent, if both new and existing farms adopt feasible levels of 
BMP. Some increase in pathogen loads can still be expected under this ‘best 
case’ scenario if high levels of expansion occur. Further adoption above these 
assumed feasible levels can be expected to be associated with even better water 
quality outcomes. Increasing willingness to adopt best management practice 
above the levels considered to be ‘feasible’ by key stakeholders during the WQIP 
consultation by overcoming some of the barriers to adoption should be the focus 
of extension activities.  

Conversion of plantation forestry into dairy can be expected to lead to declining 
water quality regardless of the management practices adopted. This decline can 
be minimised by adoption of BMP on new and existing farms but can still be 
expected to be relatively large (approx. 6 to 8% increase in nutrient and 
pathogen loads down from 10% to 13% with no BMP). 

Conversion of grazing farms to dairy should be preferred over plantation 
forestry. Where areas of plantation are converted into dairy, the use of 
environmental offsets to reduce the overall pressure on water quality should be 
considered. This may include establishing native vegetation on higher risk 
paddocks, such as those that require heavy drainage to operate as part of the 
dairy milking platform, and setting these aside for water quality protection 
rather than production; and/or development of wetlands for treating runoff from 
these and other areas of the farm. 

For the industry to continue to expand in Circular Head there must be a 
sustained focus on improving management practice on existing farms as well as 
on ensuring new conversions are environmentally sustainable. Given the 
challenging environment in these catchments, efforts need to be focused on 
identifying and extending innovative management options which work well in 
these very wet catchments. This could include evaluation of effluent application 
systems that allow for safe effluent irrigation in autumn and winter periods when 
soil moisture conditions allow. Effluent irrigation at very low depths, and at times 
when the soil moisture deficit is sufficient to prevent both runoff and deep 
drainage of effluent, is likely to have significant benefits for water quality in 
Circular Head if practical challenges of its implementation on the ground are 
addressed. Effluent management in this challenging environment requires a 
multi-faceted approach. This should include reducing effluent storage volume 
requirements through actions such as reduced milk shed water use and using 
low rate irrigation during dry autumn and winter periods, as well as reducing the 
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risk of nutrient accumulation and export from runoff-prone areas of the farm by 
increasing the area over which irrigated effluent is applied or applying to drier 
areas of the farm only. Extension efforts need to encourage a holistic approach 
to effluent management focusing on timing, depth and placement of irrigation 
rather than just having sufficient storage capacity. 

Meander River catchment 

Significant investment has been made over the last 5 years in improving water 
quality in dairy farming areas in the Meander River catchment. These works 
have been funded by the Australian Government and dairy farmers through a 
program implemented by NRM North in partnership with Dairy Tasmania and 
Fonterra. It is estimated that as a result of this investment 95% of the dairy 
herd have been excluded from waterways in the Meander river catchment. 

 
Figure 10. Decrease in Meander River catchment pollutant loads expected to have occurred as a 
result of past catchment investment 

There is scope for considerable expansion of the dairy industry in the Meander 
River catchment and the broader Tamar Estuary and Esk Rivers catchment 
within which the Meander catchment is contained.  It is expected that up to 
38,000 additional dairy cows might be added to the dairy herd in the TEER 
catchment over the coming years, with between 7,000 and 9,000 of these cows 
being added to the herd in the Meander catchment.  This case study considers 
the potential impact of this level of development under a range of alternatives: 

• Type of land use converted into dairy – cropping or grazing 
• Type of expansion - broad scale (1700 ha and 7,000 cows) or intense 

(1900 ha and 9,000 cows) 
• Levels of BMP adoption on new and existing dairy farms ranging from no 

BMP on new areas, through current or feasible adoption all the way to 
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100% adoption on new and existing areas. The actions explored are 
improved effluent storage and management, and stock exclusion from 
streams. 

Modelling undertaken for the TEER Water Quality Improvement Plan showed that 
the highest leverage actions for dairy management in the TEER catchment are 
excluding stock from streams and improving effluent storage and management. 
These actions were also identified by stakeholders as being highly adoptable 
(see Kelly et al. (2015) for full details). Thus the focus of scenarios explored in 
this report is these two actions at different rates of adoption. Feedback from key 
stakeholders during development of the TEER WQIP suggested it was feasible 
that stock could be excluded from 90% of the remaining streams in dairy areas 
with incentives. For improved effluent storage it was suggested that regulatory 
pressures would ensure 100% adoption over time, though ongoing education 
about best practice effluent application will still be required. 

For each of the conversion options, several management practice adoption 
scenarios were considered, as shown in Table 7. Models were run for all four 
combinations of the two different expansion types (broad scale and intense) and 
conversion types (grazing and cropping). 

 Table 7. Management Action Scenarios modelled for each dairy expansion option   

Management Action 
Scenario 

Best Management Practice Adoption Level  

Existing Dairy Areas New Dairy Areas 

All BMP on new and existing 
areas 

100% adoption of both 
BMPs 

100% adoption of both 
BMPs 

Feasible BMP on new and 
existing areas 

Feasible BMPs only Feasible BMPs only 

All BMP (100% adoption) on 
new areas only 

Current level of BMP 
adoption 

100% adoption of all 
BMPs available 

Feasible BMP on new areas 
only 

Current level of BMP 
adoption 

Feasible BMPs only 

Current BMP adoption on all 
areas 

Current level of BMP 
adoption 

Current level of BMP 
adoption 

No BMP on New areas Current level of BMP 
adoption 

No BMP adoption with 
poor practice (worst case 
scenario) 
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Figure 11. Impact of various expansion options on Meander River Catchment Annual Average 
Pollutant loads 
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Figure 11 shows that management has the greatest impact on enterococci loads. 
This is because stock access to streams is a major driver of enterococci loads in 
the TEER catchment, including the Meander River catchment. Results show that 
there are only very small differences between conversion of cropping and 
grazing lands. There are slightly greater benefits associated with the improved 
management options and slightly smaller negative impacts of poor management 
on grazing areas. This is due to dairy conversion in this case pushing out grazing 
where stock are likely accessing streams already – ie areas of poorer grazing 
management are being converted. These small differences are seen regardless 
of whether expansion is intense or broad scale.  

Intense conversion is associated with significantly greater increases in loads 
where best management practices aren’t adopted. This is likely due to both the 
larger number of stock and greater area of expansion under this scenario on 
loads. The relative increase in enterococci loads where no BMP are adopted is 
greater than either the increase in area or the relative increase in stocking rates, 
and amount to close to a doubling of enterococci loads in the catchment. 

While the scale of impacts varies with the intensity of expansion, these scenarios 
show that the pattern of impacts between different levels of adoption remains 
the same.  

• Expansion with no BMP on new dairy farms has the potential to lead to 
large declines in water quality at a catchment scale – increasing 
enterococci loads by 71% to 93%, TN by 9% to 13%, TP by between 12% 
and 17%, and TSS by between 3% and 4%.   

• Expansion with current levels of BMP adoption on new areas is not 
sufficient to constrain impacts to no net increase in pollutant loads. Under 
this scenario enterococci loads would increase between 34% and 46%, TN 
by between 5% and 7%, TP by 6% to 8%, and TSS by roughly 2%. These 
are roughly half the increases experienced under the No BMP on new 
areas (worst case) option. 

• Feasible levels of adoption on new areas only have the potential to 
significantly reduce the negative water quality impacts of dairy expansion, 
though there is still expected to be an increase in enterococci loads of 
between 10% and 14% and nutrients of between 1% and 3%. 

• Expanding dairy with 100% adoption on new farms has the potential to 
lead to no net increase in TP and TSS, and very small increases in TN 
(between 1% and 2%). Enterococci loads would still be expected to 
increase by between 2% and 6%, a substantial reduction in impact 
compared to scenarios with lower levels of BMP adoption.  

• Improving management practices on existing farms to feasible levels of 
adoption and ensuring this same feasible level of adoption on new dairy 
areas has the potential to lead to significant improvements in water 
quality, particularly in terms of TP (~7% decrease) and enterococci 
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(~30% decrease). TN loads would also decrease by roughly 3% under this 
scenario. 

• Further increases in adoption of these two management actions on new 
and current dairy areas could lead to further improvements in water 
quality, up to roughly 50% decrease in enterococci loads, 12% decrease 
in TP loads, 7% in TN loads and 4% in TSS loads. These are very 
substantial improvements in catchment water quality. 

Conclusions 

The case study demonstrates the benefits of past improvements in management 
practice on dairy areas in the Meander River catchment and the potential for 
these actions to allow for sustainable expansion of the industry in this 
catchment. There have been substantial past investments in improved dairy 
management in the catchment, most recently through the Clean Rivers project 
run by Dairy Tasmania and NRM North. This report shows that this investment is 
likely to have led to large decreases in enterococci (~30%), and significant 
decreases in nutrient loads (5-8%) from the Meander River catchment. 

The dairy expansion scenarios show that sustainable development of dairy in the 
Meander River catchment is possible so long as high levels of BMP adoption 
occur. If improved management is focused only on new dairy farms then 100% 
adoption of the two practices (excluding stock from streams and improving 
effluent storage and management) would be required to achieve no net increase 
in TP and TSS, with small increases in TN and enterococci loads still likely to 
occur. However with feasible levels of adoption on new and existing dairy areas 
it is possible for water quality to significantly improve, particularly in terms of 
enterococci and TP loads. There is clear scope for the dairy industry to expand in 
the Meander River catchment while still achieving good environmental outcomes 
in the catchment. A high level of BMP adoption, both on new and existing farms, 
is paramount to ensuring this outcome. 
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Significance of project outcomes for the 
Australian dairy industry 
Landscape and climate pressures are the main drivers of nutrient and sediment 
loss from agricultural land to waterways at catchment (Letcher et al. 2002; 
Jordan et al. 2012), subcatchment (Shore et al. 2014) and hillslope (Melland et 
al. 2008) scales.  

The highest landscape pressures at the national dairy industry scale in Australia 
were: 

• a moderate potential for surplus water,  
• a moderate potential for runoff from soils, and  
• a moderate phosphorus buffering capacity, contributing to a risk of 

phosphorus loss via erosion. 
 
At regional scales, the highest landscape pressures were: 
• high surplus water in the DairyTas, Gippsdairy, Dairy NSW and Western 

Dairy regions and in the irrigated Murray Dairy region,  
• a high potential for runoff from soils in Western Dairy and Subtropical Dairy, 
• close proximity (<30 m) of more than 25% of dairy farms to waterways in 

four regions (WestVicDairy, DairyTas, Murray Dairy, and DairySA), and  
• a high phosphorus buffering capacity in DairyTas, contributing to the risk of 

phosphorus loss via erosion.  
 
Whilst there is relatively little that can be done to change landscape pressures, 
such as storms, management practices can be targeted to minimise the 
pressures.  
 
The highest assessed management pressures at the national dairy industry scale 
were: 
• high soil test P levels, presenting a potential P source for loss in runoff or 

drainage,  
• high effluent rate pressure, based on the proxy measure of the low 

prevalence of effluent nutrient testing, 
• moderate pressure from hotspots of excessive soil test P, small effluent 

application areas, high feed pad use, and waterways being unfenced, and  
• moderate pressure from shallow rooted or annual pasture/crop types that 

enhance the potential for deep drainage.  
 
At regional scales, the highest assessed management pressures were: 
• high soil test P levels in all regions except DairyTas, 
• high effluent rate pressure, based on the low prevalence of effluent nutrient 

testing in all regions, and 
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• moderate-high hotspot pressures in all regions. 
 
Targeting management is most sensible and effective at the scale of dairy farm 
management units but can be supported by regionally- or catchment-targeted 
industry initiatives and government policies. Key foci for regional management 
that can be inferred are N management on well-drained soils in Gippsland, NSW 
and the Subtropical dairy region, and erosion and soil phosphorus management 
of heavy soils in Gippsland, Tasmania, Western Australia and in the wetter 
coastal parts of Dairy NSW. Surplus water, drains and paddocks close to 
waterways and diffuse pressures from effluent should be the focus of better 
management across all regions.  
 
The integrated risk to water quality within any region depends on the spatial and 
temporal co-incidence of landscape and management pressures. These combined 
risks were assessed in four focus catchments (Curdies R in south-west Victoria, 
the Macalister Irrigation District in Gippsland, and the Duck and Meander Rivers 
in Tasmania). The FNLI analysis helped identify varying levels of nutrient runoff 
and drainage risk between and within catchments, and was able to flag which 
pressures were contributing most to nutrient loss risks. Better information on 
the spatial arrangement of management practices would enhance this analysis. 
However, landscape pressures dominated the risk of P or N loss in runoff and N 
loss in deep drainage, so better information on the spatial arrangement of 
management practices could be most usefully captured in parts of the catchment 
with high inherent runoff or drainage risks, as tools to diminish those risks 
through optimal management practices.   

The reputation of the dairy industry is crucial to maintain a social licence to 
operate and to ensure community, government and global support during the 
financially and climatically tough times. For example, in Tasmania, the dairy 
industry is under significant pressure. In just one season it experienced 
unprecedented extreme events – major droughts, floods and a collapse in the 
milk price. The industry is under scrutiny in many areas of the State for its 
impacts on water quality, particularly with proposed expansion of the dairy 
industry both through extensification and intensification of dairy farming. To 
expand and to cope during these difficult times, a social licence to operate, from 
government and the community is necessary. The industry must be seen to be 
taking a proactive approach to managing catchment water quality. The research 
undertaken in the two focus catchments illustrates two potentially different 
expansion situations and the implications for expansion in lower versus high risk 
locations.  

The Duck River catchment in far North-west Tasmania is already very highly 
developed. There are significant challenges in adopting Best Management 
Practices on dairy farms in the Duck River catchment.  Paddocks in these areas 
are saturated for most of winter, meaning that runoff and pollutant exports are 
generated very readily. Extensive use of drainage approaches such as hump and 
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hollow then move this water off paddocks directly to the stream very quickly. 
Providing sufficient effluent storage to ensure that effluent does not need to be 
irrigated out onto wet paddocks can be very difficult, given the need for 7 to 9 
months of storage in some areas. Finding sufficient paddocks onto which to 
irrigate this volume of effluent during summer months without generating runoff 
or over fertilising areas is a second issue. High groundwater levels in many areas 
mean that storages need to be lined or built above ground, both expensive 
options. The case study demonstrates the difficulties associated with sustainable 
dairy expansion in this region. Innovative approaches to managing effluent 
application and storage in this environment are key to minimising environmental 
impacts. Conversion should also preference areas already devoted to livestock 
production as opposed to areas which have previously been forest plantation 
wherever possible to minimise water quality impacts. Even with very high levels 
of BMP adoption and a focus on grazing areas for conversion, dairy expansion is 
likely to lead to declining water quality in this region without significant 
investment at a catchment scale (ie. on both existing farms and new 
developments). If sustainable expansion is to occur in this region then the use of 
off-sets is likely to be necessary. This may involve improved management on 
existing dairy areas or for higher risk areas, setting aside areas for water quality 
protection through native plant revegetation or, where appropriate, allowing 
swampy areas to return to a more natural wetland state to provide additional 
buffering and treatment of water quality before it discharges to Duck Bay.  

Sustainable dairy expansion in the Meander River catchment is significantly 
easier to achieve than in the Far North-west of Tasmania. Very high levels of 
management practice adoption will still be required but in this case it should be 
possible to manage potential water quality impacts on farm without the use of 
significant off-farm offset activities. In fact past investment in improved dairy 
management in this catchment has already been successful and is expected to 
have achieved significant water quality improvements already. Continuing these 
works and ensuring that new developments occur with similarly high levels of 
BMP adoption will ensure the dairy industry maintains its social licence in this 
region. 

The project has identified gaps and insufficiencies in data at national, regional 
and catchment scales and recommendations have been made for future research 
initiatives. An improved evidence base of dairy industry pressures on catchment 
water quality can enable low pressures to be advertised and improvements to be 
planned and evaluated. 
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Recommendations for further research  

The location and intensity of dairy farms  
The location and intensity of dairy farms is crucial information for modelling 
interactions between dairy farming and the landscape at catchment scales. Four 
sources of data were identified with elements of this information. The sources of 
data identified, and their pros and cons, were: 

1. Dairy Business Postcode Locations: A annually updated spreadsheet list of 
the number of registered dairy businesses and litres of milk per business per 
postcode in Australia (Dairy Australia 2015b).  

Pros: Available for use under licence.  

Cons: Dairy business addresses do not always have the same postcode as the 
farm, the total farmed area per postcode is not identified so the intensity of 
cows cannot be computed on an areal basis, and the information is not 
presented spatially so requires merging with a postcode layer, which can also 
contain errors.  

2. Agricultural census mesh block level landuse data: Dairy land use and cattle 
numbers are collected during 5 yearly agricultural census’ (ABS 2011). 
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Pros: Contains census cattle intensity data. 

Cons: Mesh block landuse data are not publicly available for reasons of 
confidentiality, however, these are used by government agencies for 
analytical and publication purposes (e.g. (Barson et al. 2012; DEDJTR 
2014a)). Statistical Area 2 (SA2) level data are available which is similar to 
the postcode scale. Cattle intensity information is not available spatially. 

3. Dairy shed locations: Catchment Scale Land Use of Australia feature 5.2.1 
(dairy sheds) (ABARES 2015b) 

Pros: Identifies dairy shed locations 

Cons: No dairy shed (ACLUMP v.7 5.2.1. features) in the state of Victoria in 
the 2015 layer (which includes landuse 2008-2012). No explicit descriptor of 
dairy pasture land area. No description of cattle intensity. 

4. Dairy land parcels: Victoria (Victorian Land Use Information System 
2014/2015, (DEDJTR 2016) and Tasmania (DPIWE 2015) have developed 
maps of dairy farm extent based on land use at parcel scale.  

Pros: The Tasmanian dataset has been ground-truthed to the year 2017. The 
Victorian dataset is based on 2014-15 landuse.  

Cons: Dairy cow stocking rate intensity is not mapped. 

Problem 
None of the data sources provide accurate information at national scale. An 
aggregated map of dairy land use extent was therefore developed as a base 
layer for spatial analysis in this research (Figure 12). The extent of dairy farmed 
land within each region was represented using the best-available spatial data, 
which varied by region, and were the extents of dairy land parcels in Tasmania 
((DPIWE 2015), of dairy land parcels with a 1 km buffer in Victoria (DEDJTR 
2016), and of dairy sheds (ABARES 2016) ground-truthed visually using Google 
Earth (Google 2016) plus a 1 km buffer in all other states with dairy farming. 
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Figure 12. National extent of dairy landuse developed and used in this project. 

 

Opportunity 
Dedicated resources could pull the above-listed information sources together, 
conduct ground-truthing, and create an industry-wide spatial layer of the extent 
and intensity of dairy farming across Australia to inform policy and to enable 
accurate modelling and measurement of productivity and environmental 
pressures in dairy landscapes over time. 

Recommendation: The location and intensity of dairy farms across all 
RDPs warrants accurate mapping. ABS mesh block-scale data with cattle 
intensity information should be made available in spatial format to the 
dairy industry. 

 

Nutrient management practice at scales useful for 

catchment mapping 

Problem 
Some aspects of nutrient management that are important for identifying 
pressures on catchment water quality are not currently available at national, 
RDP or smaller scales. For example, Australian Dairy Industry Survey data on 
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fertiliser P rates applied (ABARES 2014) are not available at state or national 
scales since 2003 or at RDP scales. Land Management Practice Survey data 
(LaMPS) data (ABS 2012) either don’t include P fertiliser rate data, don’t isolate 
dairy industry use or don’t calculate rates of P from rates of different P fertiliser 
types. Fertiliser P rate data are also not currently collected in Dairy Australia-
funded Dairying for Tomorrow or Sustainability Framework NRM surveys 
(Watson and Watson 2012; Watson and Watson 2015). Further to this, the 
Dairying for Tomorrow or Sustainability Framework NRM surveys are not 
designed to be used at scales smaller than RDPs so cannot be used to identify 
nutrient management pressures at the catchment scale. Capturing catchment-
scale nutrient management data therefore requires either elicitation of expert 
opinion or capture of sub-regional nutrient management practice data. 

Opportunity 
• Collation of Fert$mart data provides a powerful dataset for benchmarking 

progress in individual indicators. 
• Murphy et al. (2015) and Wilcock et al. (2013b) show how policy impact 

can be measured by survey data of farm practice at the catchment scale 
in Ireland and New Zealand, respectively. Focus catchments could be 
identified within RDP regions and similar surveys could be conducted at 
regular intervals. 

Recommendation: Capture, collate and map nutrient management 
practices data, such as that assessed by Fert$mart and DairySAT 
programs, and impediments to practice change data across regions and 
soil types. Critical data to capture are  

• fertiliser application rates (N and P – annual and per application),  
• soil test levels (plant-available P, K and S),  
• fertiliser application timing,  
• fertiliser types 
• effluent storage, spreading rate and timing in relation to wet soils 

and rainfall  
• nutrient hotspots 

Waterway fencing and riparian vegetation 
Nationally, there is a lack of good quality data on fencing, stock exclusion from 
riparian zones and the amount of riparian vegetation along drains and streams.  

Recommendation: Map fencing and riparian vegetation from remotely 
sensed data in dairy landscapes where data are not currently available.  

Artificial drainage features 
Drainage features like hump and hollow, and artificial subsurface drainage, are 
rarely available as spatial layers. 
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Recommendation: Capture expert knowledge as spatial GIS layers on 
the type and extent of artificial drainage features in dairy landscapes. 

Risk assessment method 

Problem 
The FNLI provides a good framework for comparing landscapes and 
management pressures across RDPs and catchments, however, where data are 
not available at adequate spatial or temporal scales, an accurate assessment is 
not possible. The lack of spatial nutrient management data available means that 
both high and low risk activities cannot be accurately assessed and rather an 
‘average’ picture of risk was developed. Most of the landscape pressures could 
be mapped spatially and the transport of nutrients is often the largest driver of 
nutrient loss risk from farms, so the overall assessments were deemed to be 
reasonable assessments of risk. However, the FNLI cannot account for the 
temporally dynamic aspect of catchment hydrology and so is limited in its ability 
to discriminate between regions and catchments based on actual weather and 
climate trends.  

Opportunity 
The CAPER DSS (Kelly 2017c) provides a temporally dynamic approach for 
representing catchment water flows because it is developed from measured 
streamflow data. The CAPER DSS method allows for a wider range of 
management scenarios to be tested than the FNLI and those management 
scenarios are developed in consultation with stakeholders. The CAPER DSS 
therefore provides greater flexibility and accuracy for both temporal and spatial 
catchment scale assessment of risk than the FNLI. 

Recommendation: Use the CAPER DSS style approach to model overall 
nutrient loss risk across a larger range of significant dairy catchments 
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Appendix 1. National and regional 
landscape and management pressures – 
maps and tables 
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Landscape pressure indicators 

Surplus Water (Transport) 

 

Figure 13. Distribution of Nutrient Loss Index surface water classes across dairy farm land in 
Australia, where class 1 = 0-50 mm, class 2 = 50-100 mm, class 4= 100-200 mm and class 8= 
>200 mm surplus derived according to Oct-Mar long term climate records as per Melland et al. 

(2007). 

 

 

Table 8. Percentage area of dairy farm land in each of four surplus water classes 

NLI 
Surplus 
water 
class 

NLI 
score 

Natio
nal 

Dairy 
Tas 

Gipps 
Dairy 

West 
Vic 

Dairy 

Murra
y 

Dairy 

Weste
rn 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

0-50 
mm 

1 
3 0 0 0 5 0 25 8 28 

50-100 
mm 

2 
26 0 0 0 77 0 35 1 44 

100-
200 mm 

4 
38 11 6 100 15 0 39 40 28 

200+ 
mm 

8 
33 89 94 0 3 100 0 52 0 
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Figure 14. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) of modal 
surplus water class. Irrigation is used in the Murray Dairy region and so the surplus water class 

was increased by one level. 

 

Summary  

The volume and temporal variability of water that is surplus to use or loss via 
evapo-transpiration is a key driver of the potential for nutrients, sediment and 
pathogens to be mobilised via drainage or runoff pathways. Surplus water 
predictions varied between dairy regions with the largest volumes estimated to 
be in the DairyTas, GippsDairy, Western Dairy and Dairy NSW regions.  
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WestVic Dairy 

 

Murray Dairy 

 

GippsDairy 

 

Western Dairy 

 

Dairy SA 

 

DairyTas 

 

Dairy NSW

 

Subtropical Dairy

 

Figure 15. Surplus water – RDPs 

Distribution of Nutrient Loss Index surface water 
classes across dairy farm land in Australia, where 
class 1 = 0-50 mm, class 2 = 50-100 mm, class 
4= 100-200 mm and class 8= >200 mm surplus 
derived according to Oct-Mar long term climate 
records as per Melland et al. (2007). Maps use 
dairy postcode extents rather than actual dairy 
landuse extent to enhance visibility. 
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Soil type (Transport) 

 

Figure 16. Soil types (Australian Soil Classification (Isbell 2002) sourced from ACLEP (2012)) 
across dairy farm land in Australia 

Table 9. Percentage of dairy farm land with each soil type in the Australian Soil Classification 

Soil type National Dairy 
Tas 

Gipps 
Dairy 

West
Vic 

Dairy 

Murra
y 

Dairy 

Weste
rn 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

Ferrosol 5 31 9 0 0 0 0 7 16 
Podosol 4 26 8 6 0 1 3 0 0 
Rudosol 4 1 2 11 1 0 0 8 2 
Tenosol 2 4 0 0 1 15 17 15 5 
Calcarosol 0 0 0 0 0 0 9 0 0 
Dermosol 18 18 37 16 8 1 14 11 24 
Kandosol 4 2 2 4 4 20 1 5 2 
Chromosol 16 1 4 36 11 26 29 5 5 
Kurosol 6 10 5 5 2 0 9 41 6 
Sodosol 23 3 19 10 48 4 13 3 8 
Hydrosol 5 4 12 0 1 32 2 4 1 
Organosol 0 0 0 0 0 0 1 0 0 
Vertosol 12 0 2 10 22 0 2 1 30 
Anthropos
ol 0 0 0 0 0 0 0 0 0 

Modal 
soil type 

Sodosol Ferrosol Dermoso
l 

Chromos
ol 

Sodosol Hydrosol Chromos
ol 

Kurosol Vertosol 
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Table 4. Soil drainage classes, nutrient loss pathways, Nutrient Loss Index scores and soil types 
allocated to each class. 

NLI 
runoff 
score 

NLI 
deep 

drainage 
score 

Soil drainage 
class 

Soil type (ASC) Nutrient loss pathway 

1 8 High infiltration 
and drainage 

Ferrosol, Rudosol, 
Tenosol, Podosol* 

N in deep drainage 

2 4 Moderate 
infiltration and 
drainage 

Kandosol, Dermosol, 
Calcarosol 

N in deep drainage 

4 2 Moderate 
infiltration but 
poor drainage 

Chromosol, Kurosol, 
Sodosol (groundwater 
Podosol) 

N in subsurface lateral 
flow,  
P in runoff, erosion 

8 1 Poor infiltration 
and drainage 

Hydrosol, Organosol, 
Vertosol 

P in runoff, erosion,  
N in gaseous emission 

*Podosols in Tasmania was allocated to the high infiltration and drainage soil class into the 
medium infiltration and drainage category because they are influenced by high watertables 
 
 

 
Figure 17. The percentage area dominated by major soil drainage classes nationally and across 

dairy regions 
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Figure 18. Nutrient Loss Index runoff and subsurface lateral flow score (1 is lowest pressure and 8 

is highest pressure) according to soil type and associated drainage class. 

 

 
Figure 19. Nutrient Loss Index deep drainage score (1 is lowest pressure and 8 is highest 

pressure) according to soil type and associated drainage class. 

 

Summary  

The most common soil types by relative area of dairy farm land nationally are 
Sodosols followed by Dermosols and Chromosols. Calculation of actual areas, 
and improved certainty of relative areas, requires accurate maps of the extent of 
dairy farm land across Australia, which are currently unavailable. The highest 
pressures based on soil type appear to be runoff pathways relative to deep 
drainage pathways (Figure 17), except in the GippsDairy region where deep 
drainage pathways are expected to dominate (Figure 18 and Figure 19). 
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WestVic Dairy 

 

Murray Dairy 

 

GippsDairy  

 

Western Dairy 

 

Dairy SA 

 

Dairy Tas 

 

Dairy NSW 

 

Subtropical Dairy 

 

Figure 20. Soil type – RDPs 

Soil types (Australian Soil Classification (Isbell 2002) 
sourced from ACLEP (2012)) across dairy farm land in 
regional dairy program regions of Australia 
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Slope (Transport)  

 

Figure 21. Distribution of Nutrient Loss Index slope classes across dairy farm land in Australia, 
where slope class 1 (green) = <1%, class 2 (light orange) = 1-5%, class 4 (dark orange) = 6-
15% and class 8 (red) = >15% derived using median slopes over a 300m radius (Gallant and 

Austin 2012b). 

 

 

 

Table 10. Percentage area of dairy farm land in each of four slope classes  

NLI 
Slope 
class 

NLI 
score 

Natio
nal 

Dairy 
Tas 

Gipps 
Dairy 

West 
Vic 

Dairy 

Murra
y 

Dairy 

West
ern 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

<1% 1 37 22 25 25 83 33 39 19 14 
1-5% 2 29 42 34 55 8 40 33 36 42 
6-15% 4 18 33 31 19 5 23 25 36 36 
>15% 8 5 3 10 2 5 4 2 10 9 
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Figure 22. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) of modal 

slope class. 

 

Summary  

The majority of dairy land had slopes less than 5% except in Dairy NSW and 
SDP where slopes of 6-15% were also common according to the best available 
maps of dairy land extent.  



62 University of Southern Queensland | Nutrient Loss Stocktake Final Report  

 

WestVic Dairy 

 

Murray Dairy 

 

GippsDairy 

 

Western Dairy 

 

Dairy SA 

 

DairyTas 

 

Dairy NSW 

 

Subtropical Dairy 

 

Figure 23. Slope – RDPs 

Distribution of Nutrient Loss Index slope classes across dairy 
farm land in Australia, where slope class 1 (green) = <1%, 
class 2 (light orange) = 1-5%, class 4 (dark orange) = 6-15% 
and class 8 (red) >15% derived using median slopes over a 
300m radius (Gallant and Austin 2012b). 
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Topographic wetness Index (Transport) 

 

Figure 24. Topographic Wetness Index (Gallant and Austin 2012c) values presented as a proxy for 
waterlogged area FNLI classes where <1% waterlogged  (TWI 0-10th percentile) is the lowest 

pressure and >50% waterlogged (90th-100th percentile) is the highest pressure across Australia. 

 

 

 

Table 11. Percentage area of dairy farm land (postcode area) in each Topographic Wetness Index 
class 

TWI 
class 

TWI 
perce
ntile 

range 

Natio
nal 

Dairy 
Tas 

Gipps 
Dairy 

West 
Vic 

Dairy 

Murra
y 

Dairy 

West
ern 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

1 0-10 18 23 29 15 6 19 18 33 29 
2 10-50 45 51 46 56 34 50 49 45 49 
4 50-90 32 24 22 27 51 27 30 20 20 
8 90-

100 4 2 2 3 9 3 3 2 2 
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Figure 25. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) of modal TWI 
class 

 

Summary  

The modal TWI class was moderate (class 2, proxy for 1-10% waterlogged at 
wettest time of year) for all regions except potentially wetter landscapes in the 
flatter Murray Dairy region. 
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WestVic Dairy  

 

Murray Dairy 

 

GippsDairy 

 

Western Dairy  

 

Dairy SA 

 

DairyTas 

 

Dairy NSW 

 

Subtropical Dairy 

 

Figure 26. Topographic Wetness Index – RDPs 

Topographic Wetness Index (Gallant and Austin 
2012c) values presented as a proxy for waterlogged 
area FNLI classes where <1% waterlogged  (TWI 0-
10th percentile) is the lowest pressure and >50% 
waterlogged (90th-100th percentile) is the highest 
pressure across Australia. 
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Proximity to waterway (Transport) 
 

 

Table 12. Percentage area of dairy farm land (state-derived dairy farm extent) in classes of 
increasing proximity to waterways (major and minor waterways and open waterbodies) 

NLI 
score 

Proximit
y 

Natio
nal 

Dairy 
Tas 

Gipps 
Dairy 

West 
Vic 

Dairy 

Murr
ay 

Dairy 

West
ern 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

1 > 300 m 65 50 93 67 53 80 48 98 97 
2 100-300 

m 2 9 1 1 1 1 3 1 1 
4 30-100 

m 4 16 1 2 4 6 9 1 1 
8 < 30 m 29 26 5 29 42 13 40 1 1 

 

 

 
Figure 27. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) of modal 

proximity to waterway class 

 

Summary 

The majority of dairy farm land was more than 300m from a waterway or open 
waterbody (Figure 27), however, more than 25% of land was less than 30m 
from a waterway or open waterbody in DairyTas, WestVic dairy, Murray Dairy 
and Dairy SA (Table 12) which represents a high degree of potential hydrological 
connectivity when runoff or drainage occurs. The waterways assessed include 
both natural and artificial channels.  



University of Southern Queensland | Nutrient Loss Stocktake Final Report  67 

 

Topsoil P fixation (Source) 
 

 
Figure 28. Nutrient loss index score for pressure on P loss in runoff (1 is lowest pressure and 8 is 

highest pressure) for phosphorus buffering index (Gourley et al. (2015)) across dairy regions. 

 

 
Figure 29. Nutrient loss index score for pressure on P loss in subsurface drainage (1 is lowest 

pressure and 8 is highest pressure) for phosphorus buffering index (median PBI data presented by 
Gourley et al. (2015)) across dairy regions. 

 

Summary 

The phosphorus buffering index presents a relatively higher risk of sediment P 
loss from erosion than of dissolved P loss via subsurface drainage across dairy 
regions. There was large variation in PBI and associated pressures on P loss both 
within (Gourley et al. 2015) and between regions. The highest pressure across 
regions from the PBI was for sediment P loss in runoff in the DairyTas region.  
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Management factors 

Soil test P (Source) 

 
Figure 30. Percentage of routinely grazed paddocks sampled in 2007-09 by Gourley et al. (2015) 

with Olsen P higher than the agronomic optimum of 20 mg/kg.  

 

 
Figure 31. Nutrient loss index score  for median soil Olsen P test from routinely grazed pastures in 
37 conventional dairy farms in 2007-09 (Gourley et al. (2015)) across dairy regions, where 1 = 

Olsen P <7 mg/kg, 2 = 7-15 mg/kg, 4 = 16-25 mg/kg and 8 = >25 mg/kg. 

Summary 

Soil P test levels higher than Olsen P 15 mg/kg were considered to be ‘high’ 
(FNLI score 4), based on a 95% of potential yield critical soil test value identified 
for a national set of data (Gourley et al. 2007) and levels higher than Olsen P 25 
mg/kg were considered ‘very high’ (FNLI score 8). Based on these criteria, soil P 
test levels presented a very high pressure in all regions except DairyTas and 
Western Dairy. The lower plant available P levels in DairyTas were attributed to 
the relatively high P buffering indices of the soils  (Gourley et al. 2015). Other 
soil test P ranges could be applied and would change the risk predictions. 
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Fertiliser rate N (Source)  

 
Figure 32. Average application rate of fertiliser nitrogen in 2014-15 (Watson and Watson 2015) 

 
Figure 33. Nutrient loss index score for annual N fertiliser application rate across dairy regions 
based on a survey of 31 – 110 farms per region (Watson and Watson 2015). Rates per application 
were not known so the NLI score is conservative, where 1= < 100 kg N/ha/yr, 2 = 100-250 kg 
N/ha/yr, and 4= >250 kg/ha/yr. 

Summary 

Annual fertiliser N rates were low to moderate (scores 1 and 2) across all regions 
except DairyTas where the average rate of nitrogen application was high (306 
kg/ha in 2015, (Watson and Watson 2015)).  
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Fertiliser rate P (Source)  

 
Figure 34. Average inorganic phosphorus fertiliser applied (kg P/ha, with minimum and maximum 

indicated by the error bar) to 41 A4N dairy farms in 2007-09 (Gourley et al. 2012) and to 
surveyed farms in 2003 (ABARES 2015a). 

 

 
Figure 35. Nutrient loss index score  for the P fertiliser application rate in 2003 (ABARES 2015a) 

across dairy states, where 1 = <11 kg P/ha/yr, 2= 11-25 kg P/ha/yr, 4 = 25-59 kg P/ha/yr, and 8 
= >60 kg P/ha/yr. No dairy region data were available. 

 

Summary 

Fertiliser P rates, where and when reported, were moderate in most states and 
highest in Tasmania.  
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Fertiliser timing (Source) 
 

 
Figure 36. Percentage of surveyed farmers who match nitrogen applications to pasture growth and 

rotation length (Watson and Watson 2015). 

 
Figure 37. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) for the timing 
of fertiliser application across each dairy region based on the percentage of farmers who match N 

applications to pasture growth and rotation length (Watson and Watson 2015) as a proxy. 

Summary 

The NLI score for fertiliser timing is tentative only because no P application 
timing, or detailed N application timing, data were available. The score was 
based on the majority of farmers in all dairy regions matching N applications to 
pasture growth and rotation length. 
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Effluent timing (Source) 

 
Figure 38. Percentage of farmers who distributed dairy shed effluent to land in 2014-15 (Watson 

and Watson 2015). 

 
Figure 39. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) for the timing 

of fertiliser application across each dairy region based on the percentage of farmers who 
distributed effluent to land [assumed cf point source discharge] (Watson and Watson 2015) and on 

the Modal effluent pond storage practice class from DAIRYSAT 2014 (for which no data were 
available for Western Dairy) as proxies. 

Summary 

No data on the timing of effluent application to land in relation to soil moisture 
or forecast storms, was available at national or dairy region scales. However, the 
overwhelming majority of surveyed farmers distribute their dairy shed effluent to 
land and have good practice effluent pond storage, suggesting the highest 
pressure of directly discharging effluent to waterways is rarely practiced in any 
region.  
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Effluent rate (Source) 

 
Figure 40. Percentage of farmers who test the nutrient value of land-applied effluent (Watson and 
Watson 2015). 

 

 
Figure 41. Nutrient Loss Index score (1 is lowest pressure and 8 is highest pressure) for the rate of 
effluent applied across each dairy region based on the percentage of farmers who test the nutrient 

value of land-applied effluent (Watson and Watson 2015) as a proxy. 

Summary 

No data on the rate of effluent application was available at national or dairy 
region scales.  However, the dairy regions would achieve NLI score of 8 (Figure 
41) for effluent rate because the majority of farmers in all regions do not test 
the nutrient value of land-applied effluent. 
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Nutrient Hotspots (Source) 
 

 
Figure 42. Percentage of routinely grazed paddocks sampled in 2007-09 with Olsen P more than 

three times the agronomic optimum of 20 mg/kg (Gourley et al. (2015)). 

 

 
Figure 43. Percentage of surveyed farms with complete fencing of waterways (Watson and Watson 

2015) 
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Figure 44. Percentage area of surveyed farms to which dairy shed effluent is applied (Watson and 

Watson 2015) 

Figure 45. Percentage area of surveyed farms using a feedpad (Watson and Watson 2015) 
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Table 13. Hotspot types and values and FNLI risk scores across indicators used to estimate the 
hotspot risks 

Hotspot Type Natio
nal 

Dairy 
Tas 

Gipps 
Dairy 

West 
Vic 

Dairy 

Murra
y 

Dairy 

West
ern 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

% of routinely 
grazed paddocks 

> 3x the 
agronomic 

optimum soil 
Olsen P 13 11 13 15 33 2 26 22 19 

NLI (proxy) score 2 2 2 2 8 1 4 4 2 
% farms with 

complete fencing 35 26 38 45 39 32 48 27 20 
NLI (proxy) score 4 4 4 4 4 4 4 4 8 
% farms with a 

feedpad 33 13 26 35 36 35 32 33 50 
NLI (proxy) score 4 2 4 4 4 4 4 4 8 
% area of farm 
used for effluent 
application in a 

year 21 19 24 13 30 18 19 18 12 
NLI (proxy) score 2 4 2 4 2 4 4 4 4 

Overall NLI 
(proxy) score 4 4 4 4 4 4 4 4 8 

 

Summary 

Hotspots include near troughs, gateways, dairy sheds, calf rearing facilities, 
laneways, stock camps, yards, tracks, stock access to waterways, dedicated 
effluent disposal paddocks and fertiliser handling facilities. Stock access to 
waterways was lowest in DairySA and WestVic Dairy regions and highest in the 
Subtropical Dairy, DairyTas and Dairy NSW regions. More than 10% of grazed 
paddocks had extremely high soil test P in the Gourley et al (2015) survey of 
farms across all regions except Western Dairy.  Whilst few data are available on 
these indicators, all regions had high to very high risks based on the proxy data 
sources used. Hotspots were given a relatively low weighting of importance in 
the FNLI such that even when hotspots were high risk, they were rarely the main 
driver of the overall risk of nutrient loss in the FNLI assessment. The relative 
importance of hotspots may need to be adjusted in the FNLI to reflect the impact 
that point sources such as poorly managed sacrifice paddocks and feedpads can 
have when they are hydrologically connected to waterways. Impacts from 
hotspots can be minimised by siting them on areas of the farm at low risk of 
runoff or drainage and/or by directing runoff from these hotspots away from 
connected waterways. 
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Pasture type (Source & Transport) 

 
Figure 46. Area of farm under crop relative to total area of crop plus milking platform in 2014-15 

according to a survey of farms (Watson and Watson 2015). 

 
Figure 47. Nutrient loss index score (1 is lowest pressure and 8 is highest pressure) for percentage 
area of annual crop as a proxy for pasture type across dairy regions, assuming milking platforms 

are dominated by deep rooted perennials in SDP (e.g. summer-active tropical pastures) and 
shallow-rooted perennials (i.e. perennial ryegrass) elsewhere. These assumptions require testing. 

Summary 

The percentage of annual crop was 38% or less of the combined crop plus 
milking platform area so was not deemed to dominate the pasture type. Instead 
deep- or shallow-rooted perennials were assumed to dominate.  
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Groundcover (Source and Transport) 

 
Figure 48. Annual average (2000-2014) minimum groundcover (%) based on MODIS-derived data 
(ABARES 2011) and represented across the postcodes containing dairy businesses. 

 

Table 14. Percentage area of dairy farm land (based on best available extent data rather than 
dairy postcodes) in each groundcover class 

FNLI 
score 

Annual 
minimu

m 
ground 
cover 

Natio
nal 

Dairy 
Tas 

Gipps 
Dairy 

West 
Vic 

Dairy 

Murr
ay 

Dairy 

West
ern 

Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

1 > 80%  98 99.8 100 99 99 100 92 100 80 
2 70 - 80%  1 0.1 0 0 1 0 7 0 14 
4 50 - 70%  0 0.0 0 0 0 0 1 0 6 
8 < 50%  0 0.0 0 0 0 0 0 0 0 

 

Summary 

Remotely sensed groundcover data were analysed for this report and suggested 
that groundcover was generally very high across all regions (Table 14). For 
sacrifice paddocks, feeding areas and holding areas, the groundcover is expected 
to be similarly low across regions. In, 2009–10, 88 per cent of dairy businesses 
monitored groundcover levels, which was an increase from 72% in 2007–08 
according to agricultural management practice surveys (Barson et al. 2012). 
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WestVic Dairy 

 

Murray Dairy 

 

GippsDairy 

 

Western Dairy 

 

Dairy SA 

 

DairyTas 

 

Diary NSW 

 

Subtropical Dairy 

 

Figure 49. Groundcover - RDPs 

Distribution of annual average (2000-2014) 
minimum groundcover (%) based on MODIS-
derived data (ABARES 2011) and represented 
across the postcodes containing dairy 
businesses. Dairy shed locations are also 
shown. 
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Stocking rate (Source) 

 

Figure 50 National scale - herd size (cows per farm). Herd size was calculated from number of 
farms and number of cows (calculated from litres of milk) registered to each postcode in the Dairy 
Australia levy-payer database in 2015 (Dairy Australia 2015b).  Total dairy area for each region 

was based on the area of postcodes with more than one dairy farm. 

 

 

Table 15. Percentage of dairy area based on cow number per farm and postcodes with more than 
one dairy farm 

Cows 
per farm 

Nation
al 

Dairy 
Tas 

Gipps 
Dairy 

WestV
ic 
Dairy 

Murra
y 
Dairy 

Weste
rn 
Dairy 

Dairy 
SA 

Dairy 
NSW 

SDP 

< 150 35 3 11 15 9 1 13 21 73 
150- 300 40 20 81 64 50 25 44 46 26 
300 - 
500 

13 31 9 21 14 43 43 12 0 

500 - 
700 

8 45 0 0 17 9 0 13 0 

>700 4 2 0 0 9 22 0 8 0 
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Figure 51. Modal herd size across each dairy region calculated from farm and cow numbers 

registered to each postcode in the Dairy Australia levy-payer database in 2015. 
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WestVic Dairy 

 

Murray Dairy 

 

GippsDairy 

 

Western Dairy  

 

Dairy SA 

 

DairyTas  

 

Dairy NSW 

 

Subtropical Dairy 

 

RDPs – Herd size (cows per farm) 
Data source: Calculated from number of farms and 
number of cows (calculated from litres of milk) 
registered to each postcode in the Dairy Australia 
levy-payer database in 2015 (Dairy Australia 2015b). 
Total dairy area for each region was based on the area 
of postcodes with more than one dairy farm in all 
states except Victoria and Tasmania. In Tasmania, the 
area of dairy farming was based on parcels of dairy 
land as of 2015 (DPIWE 2015) and in Victoria was 
based on the dairy land extent (DEDJTR 2014b). 
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Figure 52. Stocking rate of cows across the milking platform in 2014-15 (Watson and Watson 

2015) 

 

 
Figure 53. Nutrient loss index score (1 is lowest pressure and 8 is highest pressure) for stocking 
rate of cows per area of milking platform in 2014-15 assessed by survey (Watson and Watson 

2015) across dairy regions. 

Summary 

The highest pressure presented by stocking rate in 2014-15 was in the DairyTas 
region and the lowest pressures were in the Western Dairy, Dairy NSW and 
Subtropical Dairy Program regions. This reflects pressures calculated from the 
herd size across dairy postcode regions, except for Western Dairy where herds 
are large despite lower stocking rates per farm.  
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Appendix 2. Focus catchment nutrient loss risk maps and tables 
Table 16. Spatial extents of FNLI risk classes for each landscape pressure in the dairy extent of each focus catchment. Value is the FNLI risk class or 
score for the pressure, count is the number of raster cells of information occupied by the FNLI risk class across the total extent of dairy land use, and 
fraction is the percentage of the total extent of dairy landuse occupied by the FNLI risk class. 

 
Curdies River 

 
MID 

 
Duck 

 
Meander 

Value Count Fraction 
 

Count Fraction 
 

Count Fraction 
 

Count Fraction 
Nitrogen in Runoff  

 
       

 Low  91672 8.0% 
 

13459 1.2% 
 

0 0.0% 
 

3263 3.1% 
Medium  349587 30.6% 

 
403704 35.0% 

 
586 0.4% 

 
16353 15.5% 

High  679635 59.5% 
 

711040 61.6% 
 

36934 22.5% 
 

54495 51.7% 
Very 
High  

22166 1.9% 

 

26853 2.3% 

 

126440 77.1% 

 

31304 29.7% 

Phosphorus in Runoff          
Low  60084 5.3%  0 0.0%  0 0.0%  4781 4.5% 
Medium  131209 11.5%  3273 0.3%  649 0.4%  19821 18.8% 
High  950852 83.2%  1143741 99.0%  126385 81.1%  80763 76.6% 
Very 
High  915 0.1%  8042 0.7%  28821 18.5%  50 0.0% 
Nitrogen in Drainage          
Low  545439 51.7%  0 0.0%  0 0.0%  0 0.0% 
Medium  39128 3.7%  60557 53.7%  15945 9.7%  0 0.0% 
High  456845 43.3%  36952 32.7%  148596 90.3%  105423 100.0% 
Very 
High  

12868 1.2%  15335 13.6%   0.0%  0 0.0% 

Runoff Transport Component (Nitrogen)        
0-1.5  0.0% 

  
0.0% 

 
 0.0% 

 
 0.0% 

1.5-3 72370 6.3% 
  

0.0% 
 

17 0.0% 
 

26 0.0% 
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Curdies River 

 
MID 

 
Duck 

 
Meander 

Value Count Fraction 
 

Count Fraction 
 

Count Fraction 
 

Count Fraction 
3-6 1071276 93.7% 

 
1189701 99.9% 

 
163245 99.5% 

 
105321 99.9% 

6-8  0.0% 
 

1275 0.1% 
 

728 0.4% 
 

111 0.1% 
Runoff Transport Component (Phosphorus)       
0-1.5 1143637 100.0%  2434 0.2%  48 0.0%  319 0.3% 
1.5-3 9 0.0%  46467 3.9%  2421 1.5%  6109 5.8% 
3-6  0.0%  1130159 94.9%  77005 48.6%  77296 73.3% 
6-8  0.0% 

 
11916 1.0% 

 
79134 49.9% 

 
21734 20.6% 

Drainage Transport Component (Nitrogen)        
0-1.5  0.0%   0.0%   0.0%   0.0% 
1.5-3 586467 50.1%   0.0%   0.0%   0.0% 
3-6 457328 39.1%  100578 89.1%  100578 89.1%  105475 100.0% 
6-8 127153 10.9%  12266 10.9%  12266 10.9%   0.0% 
Slope 

           1 215996 18.4% 
 

744916 60.2% 
 

69783 42.3% 
 

35500 33.6% 
2 544970 46.5% 

 
394340 31.9% 

 
61565 37.3% 

 
53310 50.5% 

4 349454 29.8% 
 

83966 6.8% 
 

27687 16.8% 
 

13361 12.7% 
8 61195 5.2% 

 
13466 1.1% 

 
5893 3.6% 

 
3382 3.2% 

Soil type - Runoff Risk 
         1 126929 10.9% 
 

132096 10.8% 
 

51283 31.2% 
 

12065 11.4% 
2 456979 39.1% 

 
412676 33.8% 

 
12746 7.7% 

 
59425 56.3% 

4 579384 49.6% 
 

676897 55.4% 
 

84593 51.4% 
 

34055 32.3% 
8 5480 0.5% 

  
0.0% 

 
15997 9.7% 

  
0.0% 

Soil type - Drainage Risk          
1 5480 0.5%   0.0%  15997 9.7%  34055 32.3% 
2 579384 49.6%  676897 55.4%  84593 51.4%  59425 56.3% 
4 456979 39.1%  412676 33.8%  12746 7.7%  12065 11.4% 
8 126929 10.9% 

 
132096 10.8% 

 
51283 31.2% 

  
0.0% 
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Curdies River 

 
MID 

 
Duck 

 
Meander 

Value Count Fraction 
 

Count Fraction 
 

Count Fraction 
 

Count Fraction 
Runoff Modifying Features 

         1 217880 18.6% 
 

363508 29.5% 
 

3857 2.3% 
 

398 0.4% 
2 206291 17.6% 

 
89280 7.2% 

 
14830 9.0% 

 
13842 13.1% 

4 710430 60.6% 
 

626035 50.8% 
 

72190 43.8% 
 

42455 40.2% 
8 36948 3.2% 

 
153034 12.4% 

 
74053 44.9% 

 
48861 46.3% 

Dominant Landshape 
         1 372142 31.8% 
 

925741 74.9% 
 

92829 56.3% 
 

56981 54.0% 
2 395980 33.8% 

 
153507 12.4% 

 
35355 21.4% 

 
22867 21.7% 

4 5574 0.5% 
 

2493 0.2% 
 

467 0.3% 
 

359 0.3% 
8 397919 34.0% 

 
154947 12.5% 

 
36276 22.0% 

 
25348 24.0% 

Surplus Water 
          1 

 
0.0% 

  
0.0% 

  
0.0% 

  
0.0% 

2 
 

0.0% 
  

0.0% 
  

0.0% 
  

0.0% 
4 1171555 100.0% 

  
0.0% 

  
0.0% 

  
0.0% 

8 
 

0.0% 
 

1236651 100.0% 
 

164922 100.0% 
 

105545 100.0% 
Groundcover 

          1 529271 45.3% 
 

772245 58.2% 
 

141664 86.1% 
 

72378 68.6% 
2 490173 42.0% 

 
432099 32.6% 

 
17832 10.8% 

 
25964 24.6% 

4 143217 12.3% 
 

117050 8.8% 
 

5044 3.1% 
 

7077 6.7% 
8 4764 0.4% 

 
5257 0.4% 

 
89 0.1% 

 
126 0.1% 
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Curdies River 

 
MID 

 
Duck 

 
Meander 

Value Count 
Fractio

n 
 

Count Fraction 
 

Count Fraction 
 

Count Fraction 
Waterlogging (Topographic Wetness Index) 

       1 242841 20.8% 
 

89992 7.3% 
 

2870 15.7% 
 

12632 12.0% 
2 651172 55.8% 

 
615678 49.8% 

 
9047 49.5% 

 
56267 53.4% 

4 253011 21.7% 
 

478285 38.7% 
 

5867 32.1% 
 

32694 31.0% 
8 18921 1.6% 

 
51464 4.2% 

 
503 2.8% 

 
3755 3.6% 

Proximity to waterways 
         1 87647 7.4% 
 

285075 23.5% 
 

30918 18.7% 
 

19331 18.3% 
2 17696 1.5% 

 
21440 1.8% 

 
10996 6.7% 

 
8806 8.3% 

4 11417 1.0% 
 

32774 2.7% 
 

7505 4.6% 
 

2940 2.8% 

8 1071113 90.2% 
 

875265 72.1% 
 

11551
6 70.0% 

 
74495 70.6% 

Groundwater Depth 
         

1 99726 92.9% 
 

107521 94.0% 
  

0.0% 
 

10550
2 100.0% 

2 
 

0.0% 
  

0.0% 
 

16493
7 100.0% 

  
0.0% 

4 
 

0.0% 
  

0.0% 
  

0.0% 
  

0.0% 
8 7629 7.1% 

 
6913 6.0% 

  
0.0% 

  
0.0% 

Pasture type 
          1 

 
0.0% 

  
0.0% 

  
0.0% 

  
0.0% 

2 
 

0.0% 
  

0.0% 
  

0.0% 
  

0.0% 

4 1171606 100.0% 
 

123417
8 100.0% 

 

16492
2 100.0% 

 

10548
8 100.0% 

8 
 

0.0% 
  

0.0% 
  

0.0% 
  

0.0% 
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Table 17. FNLI risk scores for each management pressure for which data other than RDP-scale 
data were available (see Table 3) in each focus catchment. Italicised numerals indicate where 
RDP-scale scores were used due to lack of catchment-scale data. 

Pressure Pressure description Curdies MID Meand
er 

Duck 

Stocking rate,  cows per milking platform area, 
cows/ha  

2 3 4 6 

Soil test P - 
agronomic 
threshold 

soil Olsen P for routinely grazed 
paddocks 

8 8 4 8 

Fertiliser rate N fertiliser N applied in 2014-16,  
kg N/ha 

2 4 4 4 

Fertiliser rate P fertiliser P applied, kg P/ha/yr 2 4 4 4 

Hotspots % of routinely grazed paddocks 
> 3x the agronomic optimum 
soil Olsen P 

2 2 1 1 

Hotspots % waterways fenced or 
inaccessible to stock 

4 1 2 4 

Hotspots % of farms with a feedpad 8 1 4 2 

Hotspots % of farms using <5% of farm 
area to spread effluent 

8 1 2 2 

Hotspots - overall excessive Olsen P, effluent 
application area, feed pad use, 
waterways unfenced 

8 1 2 2 

Fertiliser timing-N  4 1   

Fertiliser timing -P  4 4   

Fertiliser timing - 
overall 

fertiliser timing relative to runoff 
and leaching risk and pasture 
growth 

4 4 2 2 

Effluent application 
timing 

% distributed to land  1 1 1 1 

Effluent application 
timing 

Modal effluent pond storage 
storage capacity in wetter 
months 

1 8 2 8 

Effluent 
application timing 
- overall 

distribution to land, storage 
capacity in wetter months 

1 8 2 8 

Effluent rate % test nutrient value/Rate 
applied relative to pasture needs 
and soil conditions 

4 4 4 8 

Topsoil P fixation 
- runoff risk 

Average soil P buffering index  4 4 4 4 

Topsoil P fixation 
- drainage risk 

Average soil P buffering index  2 2 2 2 
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Nitrogen Runoff Risk  

Duck River Catchment Meander River Catchment 

  

Curdies River Catchment Macalister Irrigation District Catchments 

  

Phosphorus Runoff Risk  

Duck River Catchment Meander River Catchment 

  

Curdies River Catchment Macalister Irrigation District Catchments 
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Nitrogen Deep Drainage Risk  

Duck River Catchment Meander River Catchment 

  

Curdies River Catchment Macalister Irrigation District Catchment 

  

Figure 54. FNLI risk outcomes for P loss in runoff, N loss in runoff and N loss in deep drainage for 
each of four dairy catchments  
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