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1	Aquatic exposure estimates in Australian pesticide environmental assessments
The methodology developed and described in this document is the initiative of Chris Lee-Steere, Australian Environment Agency Pty Ltd.
[bookmark: _Toc37837614]Executive summary
This document outlines methodology for refining the aquatic exposure assessment component of environmental risk assessments of pesticides undertaken by the Australian Pesticides and Veterinary Medicines Authority (APVMA). The refinements described move away from a default-based, deterministic method involving conservative assumptions applied in any season and in any part of Australia to an evidence-based approach that uses local, real-world data describing slope, rainfall, streamflow, soil type and ground cover.
The screening level runoff risk assessment methodology remains unchanged. A simple Organisation for Economic Co-operation and Development (OECD)-developed equation accepted by the APVMA and used for many years in regulatory assessments is still applied. However, refinements of the screening level methodology increase realism within the aquatic exposure assessment. These refinements consider soil type and slope, and the influence of rainfall and streamflow on pesticide concentrations in runoff. By contrast, worst-case data is used for these parameters in a screening level assessment.
This report updates an earlier consultation document on runoff risk assessment methodology. A case in point is the incorporation of the relationship between the clay content of soil and rainfall runoff in an Australian context. The methodology utilised was developed by the United States Department of Agriculture (USDA). The risk assessment is amenable to refinement by the inclusion of data on land slopes, the modelling of water catchments, and the incorporation of differential effects of land use (the public is able to access this information from governmental datasets).
In the methodology described in this report, data libraries for streamflow in Australia are constructed using long-term data from over 570 stream-monitoring stations from New South Wales, Victoria, Queensland, and Western Australia. Cumulative frequency distributions for receiving-water concentrations resulting from runoff are developed which allow a quantitative assessment of risk.
	Executive summary	2
	Executive summary	1
Methodology producing detailed aquatic exposure assessments at the required spatial and temporal resolution is now possible utilising real-world streamflow, soil composition and rainfall data.
[bookmark: _Toc37837615]Introduction
The screening level rainfall-runoff methodology used by the APVMA when undertaking environmental risk assessments of agricultural chemicals and veterinary medicines is explained by the Standing Council on Environment and Water (SCEW, 2009). This deterministic approach to environmental assessment estimates the potential of an adverse event by deriving a risk quotient[footnoteRef:2]. It compares risk quotient values to levels of concern[footnoteRef:3] when drawing conclusions on risk. [2:  A risk quotient is the ratio of an estimated environmental concentration to a relevant ecotoxicity end-point.]  [3:  A level of concern is dependent on the acute or chronic nature of the studies. If the risk quotient is greater than or equal to 0.1 (for acute toxicity data) or 1.0 (for chronic toxicity data), the risk is deemed unacceptable. These default values may be decreased when considering protected or sensitive ecosystems.] 

Screening level methodology for estimating environmental concentrations of pesticides arising from runoff involves a ‘one size fits all’ approach that applies conservative default values. A risk deemed to be acceptable at this level does not require further assessment. However, with this approach, further refinement to take additional real-world information into account, thereby adding context around a risk quotient, is not possible.
In 2015 the APVMA published a new runoff assessment methodology to refine aquatic exposure estimates in Australian pesticide environmental risk assessments. That document provides the primary reference in support of this current document and should be read in conjunction with this document.
In the 2015 methodology, aquatic exposure is considered in steps of decreasing conservatism by increasing the usage of real-world data where available. The assessment determines if the risk posed by an active ingredient or product is acceptable. The refinements used in the exposure assessment can vary according to the product and usage, and may involve factors such as soil composition, the slope of the land, model-derived pesticide concentrations in streams, and ground cover. As more of these lines of evidence are included, assessments on spatial and temporal scales can be considered, recognising that risk is not uniform and depends on the characteristics of the receiving environment.
[bookmark: _Toc9000225][bookmark: _Toc37837658]Figure 1:	Graphic conceptualisation of the runoff risk assessment and real-world information used for refining the risk assessment
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Following consultation on the APVMA 2015 methodology, a major change was incorporated into the approach. The change relates to the proposed runoff curves and concerns raised regarding their application not adequately predicting exposure for soils with clay contents higher than those for loams. Hence, the revised methodology described in this document applies the available knowledge on clay content in Australian agricultural soils and adopts a greater array of curve numbers which has become available from the USDA.
A second change to the 2015 proposal is the removal of ‘Step 2’ in the runoff risk assessment framework (described in APVMA, 2015 Refinement of aquatic exposure estimates in Australian pesticide environmental assessments [Figure 7, page 17]). This change reflects input from the Department of the Environment and Energy (DoEE) which noted that interpretation issues associated with Step 2 were too difficult to apply routinely, and that application of Step 2 should be considered separately on a case-by-case basis as required.
The initial risk assessment utilising the screening level methodology calculates risk using worst-case inputs and conservative assumptions. It is not designed to realistically model any particular situation, but rather to produce a conservative, worst-case estimate of risk. Such an assessment is useful for excluding low risk chemicals from further consideration.
Refinements to the risk assessment may incorporate additional real-world data while retaining conservative features such as the maximum pesticide runoff from a field. Consider, for example, the cropping areas of Queensland and Western Australia, which have different climates and soil types. The utilisation of real-world data facilitates improved modelling and allows for better accounting of the risks peculiar to the Queensland and Western Australia environments.
	introduction	4
7	Aquatic exposure estimates in Australian pesticide environmental assessments
The refined aquatic-exposure methodology presented here can utilise distributions of theoretical receiving-water concentrations in cropping areas. It does this by considering the soil types and slopes in different agricultural regions and through incorporating long-term rainfall and streamflow data for the regions under consideration. The result is a quantified measure of exposure based on real-world data.
[bookmark: _Toc37837616]Screening level runoff risk assessment
The risks posed by the aquatic exposure to pesticide contained in runoff from rainfall are estimated from scientific assessments.
As mentioned previously, the screening level assessments conducted initially model a worst-case scenario for risk determination. The procedure allows for the assessment of the risks presented by all pesticides, and precludes those considered to be a low risk from additional assessment. However, the lack of information applied at this screening step results in ultra-conservative outcomes, which can incorrectly point to an unacceptable risk when none exists.
In order to overcome this situation, refined risk assessments utilising real-world data are indicated. The refinement process applicable to runoff risk assessments is depicted conceptually in Figure 2.
[bookmark: _Toc37837659]Figure 2	Graphic conceptualisation of the screening level risk assessment
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[bookmark: _Toc414373832]An OECD project on aquatic risk indicators developed, tested and evaluated several different indicators for agricultural pesticides; each of the indicators was considered useable by OECD member countries. The approach preferred and chosen applies a base model algorithm, and has been used environmental risk assessments in Australia for several years.
Computerised models for determining indirect pesticide loading of water bodies caused by runoff were reviewed by the Forum for the Coordination of Pesticide Fate Models and Their Use (FOCUS) in the EU. Based on those analyses, it was considered that existing models were too complex and a ‘simplified formula for indirect loadings (SFIL) caused by run-off’ was proposed (OECD, 2000).
[bookmark: _Ref4066070][bookmark: _Ref4148653][bookmark: _Toc37837653]Equation 1:	Simplified formula for indirect loadings caused by runoff

Where:
L%runoff = Percentage of the application dose dissolved and available in runoff waters
Q = Runoff volume (mm/day)
P = Daily precipitation (mm/day)
DT50soil = Half-life of the active ingredient in soil (days)
Kd = Ratio of dissolved to sorbed concentration
f = f covers a range of factors described by f1 to f4 below
f1 = Slope factor, where f1 = 0.02153 X slope + 0.001423 X slope2 (for slopes <20 per cent)
f2 = Influence of plant interception, PI(%) where f2 = 1 –(PI/100/2)[footnoteRef:4] [4:  The APVMA assumes 50 per cent of intercepted chemical remains available for wash off, and this assumption is maintained unless data can demonstrate otherwise.] 

f3 = Influence of a densely covered buffer zone where f3 = 0.083WBZ. The term WBZ in this expression is the width of the buffer zone in metres. If the buffer zone is not densely covered with plants, the width is set to ‘1’. Vegetative filter strips are not currently considered in Australian assessments, hence this factor remains at ‘1’.
f4 = A heterogeneity factor of 0.5 is applied at the screening level and Step 1 refinement of the runoff risk assessment. These steps assume runoff to a standard water body and apply 90th percentile slopes. It is assumed also that half the treated area contributes to runoff. When applied at Step 2 refinement of the runoff risk assessment, which incorporates instream assessment, it is assumed all the treated area contributes to runoff and this factor is set to 1. Mean slopes are applied with Step 2 refinements of the runoff risk assessment.
Australian assessments assume that a runoff event occurs three days after application. Degradation during this time will result in removal of some chemical from the soil and requires a knowledge of the chemical’s half-life for use in Equation 1.
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Australian screening level assessments have historically used a ‘standard receiving-water body’, which is defined as a catchment area of 10 ha draining into a 1 ha water body of 15 cm depth. Prior to 2015, the risk assessment approach linked the standard water body to a 100 mm rainfall event with 20 per cent runoff (Q/P = 0.2), parameters considered at that time to represent a worst-case scenario for pesticide runoff.
In 2015, the risk assessment approach moved away from the default runoff/rainfall ratio of 0.2 and applied runoff curves as described by the OECD (2000) and addressed in detail in APVMA (2015) [Section 5, page 13]. Consultation of the APVMA 2015 document highlighted that the curves generated would not provide appropriate exposure estimation for runoff from soils that have clay contents greater than those of loams. The application of pesticides on these soil types will therefore under-predict the involved risks.
In order to address the issue raised in the preceding paragraph, the methodology published in APVMA (2015) was amended. The revised approach, described in this document, relates to the use of Australian-specific soil data and, in particular, the clay content of top soils. In addition, USDA runoff curves for these soil types are used.
	Screening level runoff risk assessment	6
The USDA developed, over a period of decades, rainfall-runoff datasets that consider ground cover, soil type, and other variables (USDA, 2004a,b). In addition, the USDA constructed an equation describing the relationship between rainfall and runoff that produces an index number (also known as a rainfall-runoff index or a curve number), which ranges from 0 to 100. Low curve numbers are assigned to surfaces with low runoff potential whereas high curve numbers are assigned to surfaces with high runoff potential. Section 3.1 of this report explains how Australian specific rainfall-runoff curves are derived and applied in an aquatic exposure assessment.
[bookmark: _Toc37837617]Step 1: Refinement of runoff risk assessment
When the screening level runoff risk assessment suggests a pesticide poses an unacceptable risk, real-world data can be incorporated in the risk assessment to better characterise aquatic exposure. In the first instance, this process involves the application of more appropriate rainfall-runoff curves based on knowledge of soil profiles and cropping scenarios. These characteristics, collectively, are referred to as hydrologic soil-cover complexes and are described in Section 3.1.
A separate refinement involves the use of land slope information for different regions and this aspect is discussed in Section 3.2.
Both of these refinements allow aquatic exposure to be calculated on a spatial scale. The refinements result in updated values for L% from Equation 1. It is still assumed that the runoff is from a 10 ha catchment and is destined to a 1 ha pond with an initial water depth of 15 cm. A worked example of a Step 1 refinement of the runoff risk assessment is presented in Appendix 3 of this document.
A Step 1 refinement of the runoff risk assessment will generally result in risk quotients being less than those derived from a screening level risk assessment (see Figure 3).
[bookmark: _Toc37837660]Figure 3:	Graphic conceptualisation of Step 1 refinement of the runoff risk assessment
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[bookmark: _Ref4057233][bookmark: _Ref4057245][bookmark: _Ref4065801][bookmark: _Ref4065968][bookmark: _Toc9000204][bookmark: _Toc37837618]Hydrologic soil groups and cover complexes
The USDA has developed ‘hydrologic soil-cover complexes’ (USDA, 2004a) to facilitate the modelling of rainfall and runoff through the use of runoff curves. In this schema, soil type and land use are combined for modelling. A detailed description of how the runoff curves for different Australian regions are calculated, and how they apply in the runoff assessment, is presented in Appendix 1 of this document.
[bookmark: _Toc37837619]Soil type
Soil type is classified according to clay content into four hydrologic soil groups (HSGs) as follows: Type A has less than 10 per cent clay content; type B has 10–30 per cent clay content; type C has 30–40 per cent clay content; and type D has greater than 40 per cent clay content.
The USDA calculated rainfall-runoff indexes after examining rainfall data from various watersheds. A rainfall-runoff index value of 90 represents a smooth, impervious surface producing high levels of runoff and conversely, a value of 20 represents little runoff as occurs with deep gravel. Many of the refinements to the aquatic exposure risk assessment presented in this document utilise the USDA methodology, which has been modified by adopting Australian soil conditions.
The Australian Grains Research and Development Corporation and others have produced empirical data on the clay characteristics of the top 10 cm of Australian soils within cropping regions. Using these data, Australian soils have been classified according to clay composition into appropriate HSGs as shown in Table 1.
[bookmark: _Ref517679376][bookmark: _Ref4145950][bookmark: _Toc9000285][bookmark: _Toc37837640]Table 1:	Soil composition according to hydrologic soil group
	State
	No. of measurements
	A
	B
	C
	D

	New South Wales 
	575
	13.74%
	67.66%
	8.70%
	9.91%

	Victoria
	120
	13.33%
	63.33%
	17.50%
	5.83%

	Queensland
	97
	2.06%
	7.22%
	10.31%
	80.41%

	South Australia
	167
	10.18%
	79.04%
	10.18%
	0.60%

	Western Australia
	2004
	74.25%
	24.25%
	0.85%
	–

	Tasmania
	219
	0.91%
	18.26%
	36.07%
	44.75%


A <10 per cent clay, B 10–30 per cent clay, C 30–40 per cent clay and D >40 per cent clay.
Data sourced from soilquality.com.au.
The data in Table 1 illustrates two extremes of Australian soils viz. Queensland soils with a high clay content and Western Australian soils with a high sand (and low clay) content. By weighting the HSGs for the region under consideration, composite rainfall-runoff indexes can be generated for agricultural lands by state for various crops, cropping practices, and soil cover types.
Composite, regional rainfall-runoff curves are developed by using weighted average rainfall-runoff indexes according to the prevalence of HSGs within each region. The runoff from rainfall for different HSGs and soil cover types are assigned a curve number. Curves per se are generated by fitting rainfall-runoff data to polynomial equations. This process typically uses a software program such as Microsoft Excel (see Appendix 1, Figure 10 for an example). Rainfall-runoff curves and related issues are also discussed in detail in Appendix 1 of this document.
The example that follows demonstrates the approach for soils in New South Wales.
A composite rainfall-runoff curve that proportionately represents the HSGs present in New South Wales is shown in Figure 4. Also shown in Figure 4 are four USDA ‘default’ HSGs. The HSG rainfall-runoff indexes are A = 77, B = 86, C = 91 and D = 94, and weighting them with the soil composition data for New South Wales from Table 1 allows the composite rainfall-runoff index for NSW to be calculated:

The composite rainfall-runoff index for New South Wales is therefore 86.
Figure 4 also shows that runoff is greater and begins earlier for HSG D (with a clay content greater than 40 per cent) compared with soils that have a lower clay content (shown by the curves for HSG A, B and C).
[bookmark: _Ref6316384][bookmark: _Toc9000228][bookmark: _Toc37837661]Figure 4:	Rainfall-runoff relationships for hydrological soil groups A, B, C and D and the composite rainfall-runoff relationship for New South Wales

The composite rainfall-runoff curves shown in Figure 5 demonstrate a similarity for New South Wales, Victoria and South Australia and highlight a significant difference for Queensland (high clay content and a composite rainfall-runoff index of 93) and Western Australia (high sand and low clay content and a composite rainfall-runoff index of 79).
[bookmark: _Ref527106561][bookmark: _Toc9000229][bookmark: _Toc37837662]Figure 5:	Composite rainfall-runoff relationship by state for fallow, bare soil
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By utilising the approach described above, a composite rainfall-runoff curve can be generated for any region of Australia. This procedure allows for different regions—such as northern New South Wales and Queensland—to be considered separately.
[bookmark: _Toc37837620]Soil cover
Rainfall-runoff indexes are based on both soil composition and land use. The USDA has examined the effect of various land uses on the rainfall-runoff relationship and built a large catalogue of land cover types and associated rainfall-runoff indexes. Many of these scenarios are directly transferable to Australia, and others can be easily adapted. 
USDA (2002) does not provide complete indicative rainfall-runoff indexes for all Australian cropping scenarios. For example, rainfall-runoff indexes are not available for no-till or other conservation tillage practices. Therefore, the risk assessment of runoff in Australian cropping scenarios such as these requires that listed classifications comparable to the Australian practice are used. The procedure is demonstrated by the following example.
Conservation tillage practices such as no-till farming are common in cropping regions of Australia (Thomas, 2007). No-till farming is the dominant farming system according to Grain Producers Australia, with around 85 per cent of grain farmers utilising it. A paddock during no-till farming is shown (Figure 6). 
[bookmark: _Toc37837663]Figure 6:	Paddock with retained stubble from a cereal crop where no-till farming was practised
[image: ]
Image source: soilquality.org.au
From the perspective of an aquatic exposure risk assessment, cultivated land is most susceptible to runoff when it is bare of ground cover (or ‘fallow’)—a scenario used by farmers to conserve soil moisture (USDA, 2002). Because most Australian farmers use conservation tillage practices, a bare soil scenario is not an appropriate default model. Since bare soil scenarios represent a worst-case scenario, they continue to be used in screening level risk assessments.
No-till farming practices in Australia result in approximately 65 per cent ground cover (Freebairn, 2004). The USDA’s best match to this ground cover is the ‘poor hydrological condition’ classification. This scenario reflects a heavily grazed pasture with greater than 50 per cent mulch or plant cover and is reflective of that ordinarily found in Australian cropping where no-till or limited-till farming is practised. Similar methodology is used to match USDA ground cover types to other Australian scenarios when the need arises.
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Table 2 shows the matching of a subset of USDA data to Australian scenarios, including land use. The matching of USDA cover types with Australian soil types and scenarios allows use of USDA rainfall-runoff methodology on a spatial scale (region specific) including rainfall-runoff indexes, and the ability to combine these scenarios with Australian land use and slope data described in the Multi-Criteria Analysis Shell (MCAS) database.
[bookmark: _Ref525722421][bookmark: _Ref4146017][bookmark: _Toc9000286][bookmark: _Toc37837641]Table 2:	Alignment of USDA Cover Type and HSG rainfall-runoff indexes with Australian agricultural practices
	Australian scenario
	USDA cover type
	USDA HSG rainfall runoff indexes
	Australian MCAS land use categories for slope determination

	
	
	A
	B
	C
	D
	

	Turf, turf farms
	Pasture, fair (50–75% ground cover)
	49
	69
	79
	84
	Dryland horticulture
	Irrigated horticulture

	Turf, golf courses
	Pasture, fair (50–75% ground cover)
	49
	69
	79
	84
	Urban
	Rural residential

	Turf, Playing surfaces
	Pasture, good (>75% ground cover)
	39
	61
	74
	80
	Scenario specific. Set at 2%.

	No till
	Pasture, poor (<50% ground cover)
	68
	79
	86
	89
	Dryland cropping
	

	Row crop, straight row
	Row crops, straight row
	72
	81
	88
	91
	Dryland cropping
	

	Row crop, contoured
	Row crops, contoured
	70
	79
	84
	88
	Dryland horticulture
	Irrigated horticulture

	Rights-of-way
	Specifically derived scenario, non-regional. 

	Pasture
	Pasture, poor (<50% ground cover)
	68
	79
	86
	89
	Grazing modified pastures
	Irrigated pastures

	Orchards, pasture inter row
	Orchard or tree farm; 50% wooded, 50% pasture
	57
	73
	82
	86
	Dryland horticulture
	Irrigated horticulture

	Orchards, bare soil inter row
	50% wooded, 50% bare soil
	61
	76
	84
	89
	Dryland horticulture
	Irrigated horticulture

	Legume
	Close seeded or broadcast legumes
	66
	77
	85
	89
	Dryland horticulture
	Irrigated horticulture

	Grain, straight row
	Small grain, straight row
	65
	76
	84
	88
	Dryland cropping
	

	Fallow, crop residue
	Fallow, crop residue
	76
	85
	90
	93
	Grazing modified pastures
	Irrigated pastures

	Fallow, bare soil
	Fallow, bare soil
	77
	86
	91
	94
	Grazing modified pastures
	Irrigated pastures


* USDA cover types and associated rainfall-runoff indexes are sourced from USDA 2004a.
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** MCAS land use categories are obtained from the MCAS software detailed in section 3.2.
[bookmark: _Toc414373834]Table 3 shows the different amounts of rainfall required for runoff to commence with the different soil types and ground covers identified in Table 2. It is assumed that runoff commences when 0.1 mm runoff is predicted from the rainfall-runoff relationship.
[bookmark: _Toc37837642]Table 3:	Minimum rainfall values predicted for runoff commencement for different soil cover types
	Soil cover type
	Qld
	NSW
	Tas.
	SA

	Fallow, bare soil
	2 mm
	6 mm
	3 mm
	7 mm

	Row crop, straight row
	6 mm
	9 mm
	7 mm
	10 mm

	Pasture
	9 mm
	11 mm
	9 mm
	12 mm


Figure 7 provides another example of land cover influencing predicted runoff. The rainfall-runoff curves shown are for bare soil (green) and no-till (red) scenarios in Queensland, and demonstrate how land cover influences the predicted runoff. The data used to develop the two runoff curves in Figure 7 is sourced from USDA (2004b) and Table 2.
In the bare soil scenario in Figure 7 (green curve), runoff is predicted to commence after approximately 5 mm of rainfall. At 10 mm of rainfall, approximately 1.5 mm (corresponding to 15 per cent of the rainfall) is predicted to run off and at 25 mm of rainfall, approximately 11 mm (corresponding to 44 per cent of the rainfall) is predicted to run off. A no-till scenario (Figure 7; red curve) increases the rainfall required for the commencement of runoff to 7 mm and results in less overall runoff compared to the bare-soil scenario. For example, it is predicted that 25 mm of rainfall results in approximately 6 mm of runoff, which corresponds to 24 per cent of the rainfall, in a stubble management scenario compared to 11 mm (corresponding to 44 per cent of the rainfall) for the bare soil scenario described above.
[bookmark: _Toc37837664]Figure 7:	Queensland rainfall-runoff curves for bare soil and no-till scenarios

The overall level of ground cover may decrease prior to pesticide application in a no-till, stubble management scenario. This situation is best reflected by the USDA (2004b) ‘poor pasture’ rainfall-runoff index, which represents pasture with less than 50 per cent groundcover (see Table 2). In addition to examining the appropriate default ground-cover parameter for land under cropping, this example also serves to demonstrate the importance of modelling ground cover.
[bookmark: _Toc37837621]Slope of the land
The default slope for assessment of runoff as described in APVMA (2015) is 12.5 per cent. While this value can continue to be applied as a default, slopes within growing areas for different land uses are available and can be applied in assessments to further address spatial differences.
Slope values can be determined from a two-way analysis between slopes and land use using the Australian Government Department of Agriculture and Water Resources Multi-Criteria Analysis Shell (MCAS-S) tool, Version 3.1–2014. The MCAS data is based on the 2 km2 resolution 2011 dataset. As an example of how to determine a slope value, 16 slope ranges can be modelled with the MCAS-S tool as follows: 0 per cent–0.25 per cent–0.5 per cent–0.75 per cent–1.0 per cent–1.25 per cent–1.5 per cent–1.75 per cent–2.0 per cent–2.5 per cent–3 per cent–4 per cent–6 per cent–8 per cent–10 per cent–20 per cent and >20 per cent. When slope values are used for calculation or reporting, the upper value of the range of slopes should be used since this maintains conservatism. For example, an area identified in the 3–4 per cent range for land slope is assumed to have a mean slope of 4 per cent.
The following example demonstrates use of the MCAS-S tool. Slopes up to 2 per cent in the Mackay/Whitsunday region in Queensland where sugarcane and horticultural crops are grown were analysed. Firstly, slopes up to 2 per cent are identified and sugarcane and horticultural areas delineated. Secondly, a ‘two-way analysis’ is performed to generate a map containing slope data. The output of the analysis is shown in Figure 8. Briefly, a key for slope percentages is shown in the left panel; the middle upper panel shows slopes in the total catchment; the middle lower panel shows areas where sugarcane and horticultural crops are grown; and the right panel combines the middle upper and lower panels in a two-way analysis.
[bookmark: _Ref518046924][bookmark: _Toc510684527][bookmark: _Toc9000232][bookmark: _Toc510684341][bookmark: _Toc37837665]Figure 8:	Slope analysis for sugarcane and horticultural areas in the Mackay/Whitsunday region
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Data describing land slopes is not normally distributed, and an exponential distribution has been assumed. The exponential distribution is taken into account when calculating the slope of a region (expressed as a percent) using the following formula:
[bookmark: _Toc37837654]Equation 2:	Calculation for specific slope percentile

Where:
µ = mean slope (%)
Log = natural (base e) logarithm
An analysis of slopes for different land uses in Australia has identified that 12.5 per cent is probably overly protective and a value of 8 per cent is expected to cover >90 per cent of situations. It is recommended that a default value of 12.5 per cent is retained for horticultural uses in Tasmania.
If actual regional slope information is being applied, 90th percentile slope data should be used to represent a worst-case scenario during Step 1 refinement of a runoff risk assessment. After first using the MCAS tool to obtain mean slope data for the land area under consideration, the 90th percentile slope can be calculated using the following formula:
[bookmark: _Toc37837655]Equation 3:	Calculation of 90th percentile slope
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Mean slope values more representative of real-world conditions can be applied during higher tier assessments.
[bookmark: _Toc37837622]Step 2: Refinement of runoff risk assessment
Step 2 refinement of the runoff risk assessment, which is conceptualised in Figure 9, incorporates instream analysis. The procedural methodology is described in APVMA (2015) [page 22] where it is referred to as ‘Step 3 Calculations’. In Step 2 refinement, real-world information relating to rainfall and stream-flow is incorporated into the risk assessment to improve exposure estimates. These data allow instream concentrations resulting from rainfall-induced runoff to be determined by stream-monitoring stations. The calculated instream concentrations are used to produce a cumulative distribution of theoretical instream concentrations. The distribution is theoretical because it assumes runoff from the crop being assessed has an equal probability of entering any of the streams or rivers within the region. Such assessments can be undertaken on spatial and temporal scales.
[bookmark: _Toc37837666]Figure 9:	Graphic conceptualisation of Step 2 refinement of the runoff risk assessment
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In addition to runoff waters entering the stream or river, flow rates can already exist from other sources such as stream baseflow and runoff waters originating from elsewhere in the catchment. The APVMA has published daily streamflow data for dryland cropping regions in Australia. These are the raw results and in order to properly determine the streamflow rate to apply in the exposure assessment, baseflow for each stream/river/creek must be calculated. Baseflow differs between regions and times of the year and is determined by methodology described in APVMA (2015) [page 23].
The methodology described for refined runoff assessments focuses on instream concentrations resulting from quick flow. Because quick flow is a direct result of rainfall, rainfall values are required for conducting instream analyses. A discussion of the use of rainfall values in the instream analysis is provided in APVMA (2015) [page 26]. However, that discussion is based on the runoff curves applied at the time, not with the updated approach described in this report. With the USDA soil-ground cover complex approach incorporating soil profiles for different regions, a background catchment rainfall value for each region needs to be determined to identify the appropriate rainfall at which runoff is expected to commence. This value is applied to the cumulative distributions of historic rainfall for different regions/states truncated above the background rainfall value to obtain 25th percentile and 75th percentile rainfall levels. When the latter are applied in an instream analysis, cumulative frequency distributions commence from the background rainfall value (see Section 4.2).
Rainfall statistics can be obtained from weather stations within cropping areas of interest, and the number of stations assessed should be proportionate to the size of the area being considered. It is for this reason that a much larger number of weather stations should be interrogated when assessing the Western Australian wheat belt compared to a single Queensland production horticulture region. It is suggested that where more than four stations are assessed within a region, the 90th percentile value is applied as this provides a conservative value of rainfall. For example, if 50 weather stations in a region have been assessed and the 25th percentile rainfall value is being obtained for the region, every weather station will have a different 25th percentile value. In such cases, the 90th percentile of the range of 25th percentile rainfall values should be adopted.
In order to perform a temporal assessment, rainfall data should be grouped by season for state-based assessments (viz. dryland, horticulture, pasture, turf) and by month for tropical/subtropical assessments. The monthly time-scale is considered important because summer-dominated rainfall patterns and wet-season time periods may not correspond with the standard seasons.
The establishment of appropriate streamflow and rainfall data facilitates the conduct of assessments on both a spatial and temporal scale. The underlying assumptions in calculating exposure is based on that implemented in the European FOCUS surface water stream scenario (FOCUS, 2001, 2011a) underpinned by the following considerations:
Flows within any water body are dynamic, reflecting the various baseflow, runoff and drainage responses to rainfall events in the water body catchment. In the methodology described here, streamflow rates are historical and real-world and therefore already reflect these variables.
Stream scenarios modelled in FOCUS are the most complex. It is assumed that pesticide will be applied on the same day to 20 per cent of the area of the upstream catchment. The stream thus receives pesticide solute in runoff waters from the entire upstream catchment. However, in order to adopt an extremely conservative approach to the exposure calculation, it is assumed that all pesticide solute derived from the treated area of the upstream catchment impacts upon the surface water body at exactly the same time.
No pesticide solute is present in the baseflow fluxes that contribute water to the stream.
The instream assessment methodology does not put a restriction on catchment size. In this respect, real value stream monitoring data is used, which reflects the actual catchments. Two conservative FOCUS assumptions viz. (i) 20 per cent of a catchment is treated on the same day; and (ii) the entire treated area contributes to runoff, are adopted in the runoff methodology for the instream analysis. In addition, FOCUS applies the concept of ‘hydraulic residence time’. Residence time is not taken into account in this document. Rather, the concentrations described in the theoretical cumulative frequency distributions of instream concentrations are taken as peak modelled concentrations, which can also act as surrogates for lentic water bodies such as ponds and lakes. Further refinement in terms of use of time-weighted average concentrations and residence time can be applied on a case-by-case basis if required.
FOCUS uses a ‘mean annual minimum seven-day flow’ (MAM7) value when considering flow rates. The framework proposed here uses long-term flow rate data for the different regions.
Additional discussion of the Step 2 refinement of the runoff risk assessment incorporating instream analysis is presented in Appendix 4 of this document.
[bookmark: _Toc37837623]Water catchment size and land-use data
Data describing the real-world catchments under consideration can be applied to aquatic exposure risk assessments. At the highest tier of assessment, the standard assumptions that 20 per cent of a catchment is treated on the same day, and that solute from the catchment area impacts upon the surface water body coincidently with solute from the field, are retained. These assumptions are conservative and protective in their effects.
The example presented in Table 4 is based on dryland-cropping regions. Catchments as well as the size and cropping proportion for each catchment are listed. This data, which is derived using MCAS software, can be utilised to refine the runoff risk assessment.
[bookmark: _Toc37837643]Table 4:	Information for dryland cropping catchment basins in NSW, Vic., Qld and WA*
	Catchment
	Size (ha)
	Cropped

	New South Wales
	
	

	Gwydir
	26 580
	28.5%

	Murrumbidgee
	81 684
	16.4%

	Lachlan
	90 788
	18.6%

	Namoi
	41 988
	18.2%

	Macquarie-Bogan
	74 756
	16.0%

	Castlereagh
	17 452
	26.0%

	Victoria
	
	

	Avoca
	14 228
	45.3%

	Broken river
	7 104
	15.4%

	Campaspe river
	4 048
	11.3%

	Goulburn river
	16 852
	5.2%

	Loddon river
	15 696
	15.5%

	Mallee
	41 520
	29.5%

	Murray-Riverina
	15 012
	15.5%

	Wimmera
	30 352
	52.3%

	Queensland
	
	

	Balonne-Condamine
	162 636
	7.3%

	Border rivers
	48 008
	19.4%

	Burnett
	33 328
	2.6%

	Fitzroy
	142 672
	5.6%

	Moonie and Burdekin rivers
	14 392
	17.0%

	Western Australia
	
	

	Esperance Coast basin
	20 080
	67.2%

	Albany Coast basin
	19 592
	62.0%

	Avon river
	117 660
	62.9%

	Moore-Hill rivers basin
	24 544
	69.2%

	Greenough/Murchison basin
	25 004
	63.0%


* Data derived using MCAS software, as detailed in Section 2.1.
[bookmark: _Toc37837624]Data required
Instream analysis is a complex method of assessing exposure and requires a significant amount of data to perform. Data relating to soil characteristics and slopes in different use areas has been described above (Section 3). For instream analysis, this data as well as extensive information on streamflow rates and rainfall data are required.
[bookmark: _Toc37837625]Streamflow
The APVMA has published data libraries for streamflow rates for dryland cropping regions. The description of the approach adopted in the development and application of these data libraries is described in APVMA (2015) [Section 2, page 5 and Section 3, page 8].
Application of this methodology outside dryland regions will require further development of streamflow libraries. Examples are the production horticulture regions in Queensland and Northern NSW. The treatment of the data is described in APVMA (2015) [Section 3.1]. For each monitoring gauge station, streamflow will need to be grouped by season (for state-based assessments) or by month (for tropical/sub-tropical uses) thereby accounting for unique baseflow values of each station for each time period. Relevant 25th and 75th percentile streamflow rates should be determined.
An important component of the stream analysis is baseflow. If a baseflow component is not considered, streamflow rate percentiles will be based on the cumulative frequency distribution curves using the total dataset. This would likely result in overestimation of instream concentrations since the increased flow resulting from rainfall-induced runoff not being considered as an additional flow rate. In this situation, the rainfall value used for predicting runoff concentrations would remain unchanged, resulting in instream concentrations being overestimated. Baseflow calculations are described in APVMA (2015) [Section 6.3, page 23] and is addressed further in Appendix 5.
[bookmark: _Toc37837626]Rainfall values
To apply Step 2 refinement to the runoff risk assessment, users will also need to generate rainfall libraries for different use areas. It is recommended that sites have at least 10 years continuous rainfall data which should be grouped on a temporal scale as per streamflow data. Relevant 25th and 75th percentile rainfall values should be determined based on the rainfall distribution curves after accounting for base rainfall (this is the level of rainfall at which runoff in a region is assumed to commence).
The need to determine a baseflow rate when considering streamflows is discussed above. In a similar manner, the choice of an appropriate rainfall value for use in runoff modelling is required. In the methodology described in this document, the streamflows used are historical and are not adjusted for rainfall. Importantly, it is noted that higher rainfall will lead to higher instream concentrations. Section 3.1 demonstrated the impact of land cover on the amount of rainfall required to cause runoff.
Streamflows generally reflect their catchment characteristics to a greater extent than the cropping situation being assessed. Therefore, the establishment of a background catchment is recommended when determining final rainfall values for different states and regions. For example, the curve numbers for ‘Herbaceous—mixture of grass, weeds and low-growing brush, with brush the minor element’ from USDA (2004a) could be applied to a background catchment.
If it is assumed that not all areas of the catchment are fully covered, a ‘Fair’ hydrologic condition could be applied. This results in soil groups A,B,C and D having curve numbers of 0, 71, 81 and 89, respectively. These curve numbers are used to calculate a composite curve number for different states (see Table 1 for soil composition) and the rainfall required to generate ≥0.1 mm of runoff. The required rainfall is 9 mm in Tasmania and Queensland, 16 mm in South Australia and 22 mm in Western Australia.
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The approach described above maintains the conservativeness of the model. As mentioned previously, streamflow rates are based on historical data and higher rainfalls result in higher instream concentrations. If the background catchment is not accounted for, the rainfall values entered into Equation 1 will be too low and instream concentrations will be underestimated. This is demonstrated in the following figures, which apply the positive long-term winter rainfall distribution data for the Oatlands district in Tasmania.
[bookmark: _Toc37837667]Figure 10:		Whole rainfall distribution for the Oatlands, Tasmania district
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Figure 10 shows the whole rainfall distribution for the Oatlands district in Tasmania; the 25th percentile value equal to 0.5 mm of rainfall. This is consistent with low rainfall making a very high contribution to total rainfall. However, Table 3 shows that 3 mm of rain is required for runoff to commence. When taken together, these data indicate that runoff from fallow, bare soil will never occur. This is clearly invalid.
[bookmark: _Toc37837668]Figure 11:		Rainfall distribution after removal of rainfall values below that required to produce runoff from fallow, bare ground, Oatlands, Tasmania district
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When rainfall values below that needed to produce runoff from fallow, bare soil situations, which in the case of a typical Tasmanian soil profile is 3 mm, are removed from the distribution, the 25th percentile rainfall value is 4 mm/day. However, this does not account for the higher rainfall needed in the wider catchment to produce runoff, and will still result in an under prediction of runoff to match the corresponding streamflow.
[bookmark: _Toc37837669]Figure 12: 	Rainfall distribution after removal of rainfall values below that required to produce runoff from background catchment, Oatlands, Tasmania district
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When rainfall values below that shown to produce runoff in the background catchment are removed from the data, a 25th percentile rainfall value of 11 mm is predicted. This allows for a more realistic assessment of runoff.
The influence of these different rainfall values on pesticide concentration in receiving water is demonstrated in the following example. Consider a hypothetical chemical with soil half-life of five days and Kd of 1 L/kg, and which is applied at a rate of 1000 g/ha. The influence of rainfall on the receiving-water concentration of the hypothetical chemical in a stream with a flow rate of 10 ML/d is shown in Table 5.
[bookmark: _Toc37837644]Table 5:	Influence of rainfall on the predicted instream concentration*
	Rainfall value
	% chemical lost in runoff
	Q/P
	Instream concentration (µg/L)

	4 mm (based on fallow, bare soil minimum rainfall)
	0.20
	0.03
	4.85

	11 mm (based on background catchment minimum rainfall)
	1.16
	0.16
	27.9


* The streamflow remains constant at 10 ML/day for both scenarios.
The low rainfall scenario in Table 5 results in a prediction of runoff that is very low (Q/P is 0.03). The predicted instream concentration of 4.85 µg/L for the 4 mm rain event is significantly lower than the predicted instream concentration of 27.9 µg/L for the 11 mm rain event. Because streamflow characteristics reflect the wider catchment of the stream, it is necessary to include a catchment-based rainfall value rather than a crop cover-specific rainfall value. Failing to consider catchment-based rainfall can lead to aquatic exposure to pesticide being significantly underestimated.
[bookmark: _Toc37837627]Modelling pesticide runoff into streams
Equation 1 (described in Section 2) ‘drives’ the runoff assessment for determining the percent of chemical in dissolved-phase runoff. This is calculated based on a runoff curve and known chemical parameters relating to soil persistence and mobility. The result from Equation 1 allows an edge-of-field concentration to be calculated (see Appendix 2 for a worked example). At the screening step (described in Section 2 and Appendix 2) and the Step 1 refinement (described in Section 3 and Appendix 3), this edge-of-field runoff containing pesticide is distributed into a standard water body 1 ha in surface area and 15 cm deep. In Step 2 refinement of the runoff risk assessment which incorporates an instream analysis, the edge-of-field runoff is distributed into a flowing water body.
Berenzen et al (2005) expanded the formula to calculate potential pesticide concentrations occurring in a stream at a given time. These workers included in the formula, data on water discharge and durations of observed rain events when streamflows were increased.
The instream equation reported in Probst et al (2005) is applied as an extension to the screening level model:
[bookmark: _Toc37837656]Equation 4:	Pesticide concentrations in streams—instream equation (Probst, 2005)

Where:
Pc = Simulated mean pesticide instream concentration (µg/L)
L%runoff = Percentage of application dose dissolved and available in runoff water 
Pa = Chemical applied to the simulation area (µg)
Qstream = Peak streamflow during heavy rain events (L/s)
∆T = Duration of heavy rain event (seconds)
The duration of the rain event (∆T) is an important consideration when using this extension. When mixing pesticide runoff with streamflow to predict instream pesticide concentrations, 24 hours rainfall is assumed to occur within one hour (that is, ∆T = 3600 seconds) for 25th percentile flow rates, and within two hours for 75th percentile flow rates.
The US Geological Survey categorises river flows greater than 75 per cent[footnoteRef:5] of maximum flow as above normal, 75 per cent to 25 per cent as normal, and less than 25 per cent as below normal. Below normal flow conditions are not considered here (with the exception of determining a representative baseflow index for each station) as it is assumed that streamflow following rainfall events leading to runoff will at least lead to normal, or above normal, streamflows. [5:  River flow percentiles are defined as the xth percentile being equal to, or greater than, x percent of the discharge values recorded on the particular day of the year, during all years that measurements were made.] 

The model requires a rainfall value to predict the edge-of-field concentration that is matched to the streamflow rate being assessed. For example, if 25th percentile streamflow is modelled, the 25th percentile rainfall value on the rainfall cumulative frequency distribution is applied (provided the background rainfall amount is exceeded). The corresponding 25th percentile flow rate above baseflow for the appropriate station is used as the Qstream input parameter. In this respect, Queensland contains 136 streamflow monitoring stations, which would produce 136 data points in a cumulative frequency distribution.
While the calculation of initial runoff to the standard water body assumes a catchment of 10 ha size with 50 per cent of the catchment contributing to rainfall-induced runoff, the instream analysis assumes 100 per cent of the treated area contributes to rainfall-induced runoff. It is additionally assumed that direct runoff of pesticide solute to the receiving stream is derived from 20 per cent of the catchment area. A mean slope value is applied in the calculations. The concentrations modelled in the theoretical cumulative frequency distributions of instream concentrations within the data libraries are peak concentrations, which can be applied to lentic water bodies.
To draw a conclusion on the potential risk, a predicted aquatic environmental concentration of pesticide is required. This is derived by plotting a theoretical distribution of the instream pesticide concentration using flow rate distributions.
Factors such as the region, season, scenario being modelled and streamflow percentile are used to construct cumulative frequency distributions for theoretical instream pesticide concentrations. Instream concentrations of pesticide are then modelled using flow-rates as input. This approach is applied quantitatively to deal with probabilities; it allows for more flexibility in the assessment of spatial and temporal differences, both within and between regions.
Time-weighted average concentrations and residence times may be employed to refine these data further. This step is undertaken on a case-by-case basis.
[bookmark: _Toc37837628]Confirmation of edge-of-field and instream modelling
Berenzen et al (2005) examined the predictions of the SFIL in 18 streams using runoff-triggered sampling. Pesticide concentrations associated with single-entry events caused by runoff were estimated accurately in the models used. The values used for predicting pesticide concentrations from discharge during surface water runoff varied from 10 L/s to 80 L/s. These values were up to 10 times higher than baseflow.
Significant correlation between the predicted and measured instream concentrations of pesticide was demonstrated. This finding provides reassurance that SFIL is a useful tool for modelling aquatic exposure.
[bookmark: _Toc37837629]Limitations of refined assessments
Refinements to the aquatic exposure model improve the flexibility and robustness of the risk assessment methodology. However, users should be aware of the following limitations:
The runoff equation applied for estimating edge-of-field and receiving-water body concentrations only considers runoff, not other water or pesticide routes such as leaching or drainage.
Runoff is only considered for the pesticide in the dissolved phase, not in the bound phase (as sediment). A separate assessment of sediment exposure may be necessary.
Risk assessments involving significant degrees of refinement are more labour-intensive during both the assessment and enforcement phases.
The availability and quality of data vary. For example, South Australia has little streamflow, which leads to a paucity of streamflow data while in Western Australia, monitoring began later at some remote sites than at other sites.
Boosting the components in a model, and/or increasing the spatial resolution under consideration can rapidly increase the complexity and labour required to complete an aquatic exposure assessment. In the context of an environmental risk assessment, aquatic runoff modelling is only a single component of a larger assessment.
[bookmark: _Toc37837630]Summary
The deterministic screening level approach to environmental runoff risk assessments in Australia produces outcomes that are generally applicable to any season and any region of Australia. While existing risk assessment methods provide worst-case estimates, real-world data has not been used to model regional slopes, soils and seasonal streamflows or to consider regional rainfall characteristics. Therefore, the risk outcomes are without context and based on a ‘one size fits all’ approach.
The use of distributions for rainfall and rates of streamflow facilitates significant refinement of modelling methodology for aquatic pesticide exposure. Modelling to include environmental variability of spatial and temporal factors is now possible. The collation and selection of data libraries on streamflow and regional soil types in cropping regions in Australia are fundamental to the methodology described in this report.
	Summary	28
The refined methodology described here applies to both new and existing agricultural pesticides. It allows exposure to pesticides resulting from runoff into aquatic environments to be modelled and estimated. The methodology is a valuable tool for regulatory decision-making in Australian environmental risk assessments.
[bookmark: _Toc414373842][bookmark: _Toc231963183][bookmark: _Toc231963195][image: ]
29	Aquatic exposure estimates in Australian pesticide environmental assessments
Appendix

[bookmark: _Toc37837631]Appendix 1: Example for calculation of composite runoff curves
This Appendix provides a more detailed description of information presented in Section 3.1 and describes how the derived runoff curves inform Equation 1 (described in Section 2 and repeated below) for predicting the percentage of a pesticide lost in runoff and deriving exposure concentrations in surface water.
Computerised models for determining indirect loading to water bodies were reviewed in the EU by the Forum for the Coordination of Pesticide Fate Models and Their Use (FOCUS). Based on that review, it was considered that existing models were too complex and a simplified formula for indirect loadings (SFIL) caused by run-off was proposed (OECD, 2000).
Equation 1:	Simplified formula for indirect loadings caused by runoff

Where:
L%runoff = Percentage of the application dose dissolved and available in runoff waters
Q = Runoff volume (mm/day)
P = Daily precipitation (mm/day)
DT50soil = Half-life of the active ingredient in soil (days)
Kd = Ratio of dissolved to sorbed concentration
f = f covers a range of factors described by f1 to f4 below
f1 = Slope factor, where f1 = 0.02153 X slope + 0.001423 X slope2 (for slopes <20 per cent)
f2 = Influence of plant interception, PI(%) where f2 = 1 –(PI/100/2)[footnoteRef:6] [6:  The APVMA assumes 50 per cent of intercepted chemical remains available for wash off, and this assumption is maintained unless data can demonstrate otherwise.] 

f3 = Influence of a densely covered buffer zone where f3 = 0.083WBZ. The term WBZ in this expression is the width of the buffer zone in metres. If the buffer zone is not densely covered with plants, the width is set to ‘1’. Vegetative filter strips are not currently considered in Australian assessments, hence this factor remains at ‘1’.
f4 = A heterogeneity factor of 0.5 is applied at the screening level and Step 1 refinement of the runoff risk assessment. These steps assume runoff to a standard water body and apply 90th percentile slopes. It is assumed also that half the treated area contributes to runoff. When applied at Step 2 refinement of the runoff risk assessment, which incorporates instream assessment, it is assumed all the treated area contributes to runoff and this factor is set to 1. Mean slopes are applied with Step 2 refinements of the runoff risk assessment.
The simplified formula has been applied in Australian runoff assessments for many years and is retained in the current methodology for calculating edge-of-field concentrations. The edge-of-field residue is derived from the treated field and its concentration is quantitated prior to it being distributed into either the standard water body (1 ha surface area and initial depth of 15 cm) or a flowing stream (a situation that applies to higher tier assessments only).
In calculating the percentage runoff, the SFIL requires both chemical specific information and input based on environmental factors (eg slope which is a component of ‘f’) and the relationship between the magnitude of a rainfall event and the amount of runoff that results.
[bookmark: _Toc37837657]Equation 5:	Simplified formula for indirect loadings requires chemical specific information
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The runoff/rainfall relationship is determined by Q/P, which in turn is calculated from the dataset used in developing a runoff curve. In the initial consultation document (APVMA, 2015, Section 5, page 13), several runoff curves covering four scenarios (viz. bare moist soil, bare dry soil, covered moist soil and covered dry soil) were described. Each of the four scenarios had separate runoff curves for ‘sandy’ and ‘loamy’ soils.
During the consultation period concerns were raised that this approach, while an improvement on the previous method in which ‘Q/P’ was fixed at 0.2 (ie a 100 mm rain event resulting in 20 mm runoff) was considered likely to underestimate runoff, particularly for soils with a clay content greater than that of loams. It was suggested, therefore, that consideration be given to using USDA runoff curves, including many for clay-dominated soils.
In order to apply this approach, knowledge of soil clay levels is required. The required knowledge emerged when quality, relevant information was published around the time of the APVMA (2015) consultation. In the amended methodology reported here, USDA runoff curves using clay contents of Australian agricultural soils are generated. This approach allows a much wider application of runoff curves to reflect soil types in different regions as well as a wide range of ground cover types. However, it necessitates the development of a greater number of runoff curves compared to the number required by the approach described in APVMA (2015).
The aim of this Appendix is to demonstrate how runoff curves are developed. Straight row, grain crops in New South Wales have been selected for the purpose of demonstration.
In this approach, the combination of a hydrologic soil group (soil) and a land use and treatment class (cover) is referred to as a hydrologic soil-cover complex. Tables and graphs of runoff curve numbers (CNs) assigned to such complexes are published in the USDA’s National Engineering Handbook Part 630, chapters of which are available electronically. The four hydrologic soil groups (HSGs) based on clay content are A (<10 per cent clay), B (10–30 per cent clay), C (30–40 per cent clay) and D (>40 per cent clay).
The USDA assignment of curve numbers to hydrologic soil-cover complexes was a comprehensive process. Three salient points relating to the process are presented here. The reader seeking additional information on the process is referred to Chapter 9 of the Handbook.
The three salient points are:
Literature searches for watersheds in single hydrologic soil-cover complexes identified watersheds for most of the listed complexes;
An average CN for each watershed was obtained using rainfall-runoff data for storms of ≤ one day duration that resulted in annual floods. Watersheds were generally less than 1 square mile in size and their number per hydrologic soil-cover complex was variable.
The CNs of watersheds in the same complex were averaged and all CNs for a cover were plotted. A curve for each cover was drawn with greater weight given to CNs based on data from more than one watershed, and each curve was extended as far as necessary to provide CNs for ungauged complexes.
In the event that additional data becomes available the CN approach can be updated, but at this stage it is assumed runoff behaviour in the US is similar to that in Australia for soils of the same hydrologic group and ground cover attributes. Hence these curve numbers are applied using knowledge of Australian soil characteristics in the different regions.
Chapter 10 of the USDA Handbook provides runoff for inches of rainfall for most of the curve numbers from 50 to 98. The rainfall metric is converted to mm for use in the Australian methodology.
Chapter 9 of the Handbook provides information on Hydrologic Soil-Cover complexes. It provides runoff curve numbers for agricultural lands (Table 9–1 in the Handbook) which have been used as the basis for determining final runoff curve numbers for the different regions/states in Australia. Two examples for dryland cropping are provided below:
[bookmark: _Toc37837645]Table 6:	Curve numbers for USDA hydrologic soil groups for two different soil cover types and field situations
	Cover description/treatment
	USDA cover type
	Curve number for USDA soil hydrologic group

	
	
	A
	B
	C
	D

	Fallow, bare soil
	Fallow, bare soil
	77
	86
	91
	94

	Grain, straight row
	Small grain, straight row (poor hydrologic condition)1
	65
	76
	84
	88


1 Runoff is higher from soils of poor hydrologic condition compared to soils of good hydrologic condition. Soils of poor hydrologic condition are used as a default to maximise conservatism.
The example shown in Table 6 is based on a scenario involving ‘Grain, straight row’ and a soil of poor hydrologic condition.
Information for clay content in the grain production areas of NSW presented in Table 6 was sourced from soilquality.org.au.
[bookmark: _Toc37837670]Figure 13:		New South Wales hydrologic soil group contributions
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[bookmark: _Toc414373843]A single runoff curve for New South Wales for straight row, grain crops can be calculated based on the contribution of each hydrologic soil group to the overall NSW soil profile. This is shown in the table below:
[bookmark: _Toc37837646]Table 7:	Fraction of different hydrologic soil groups in dryland cropping regions of New South Wales and calculation of final composite runoff curve
	State/runoff curve
	<10% clay (A)
	10–20% clay (B)
	20–40% clay (C)
	>40% clay (D)

	New South Wales
	13.74
	43.83
	32.53
	9.91

	Runoff curve
	65
	75
	84
	88

	Contribution to composite curve1
	(0.1374 X 65)
8.93
	(0.4383 X 75)
32.87
	(0.3253 X 84)
27.33
	(0.0991 X 88)
8.72

	Final composite curve number
	=SUM of contributions from A, B, C and D = 77.8
The final composite curve is based therefore on curve number 78


1 Calculated as runoff curve number X percent hydrologic soil group
The rainfall-runoff table from USDA (2004), Chapter 10 for curve no. 78 is shown below.
[bookmark: _Toc37837671]Figure 14:		Runoff from given rainfall events, USDA, 2004. Curve number 78.
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In the table above, the rainfall-runoff metric is inches. Since the Australian methodology described in this report requires rainfall to be measured in mm, the tabulated data is converted to mm by multiplying values measured in inches by 25.4.
Rainfall expressed as inches is shown in column 1, and expressed as tenths of inches is shown in row 1. Runoff values expressed as inches are shown in columns 2–11 (with the exception of row 1).
Table 8 presents rainfall-runoff data in mm for rainfall values ranging from 0 mm to 127 mm. The data is extracted from the USDA table (curve number 78) in which the rainfall-runoff metric is inches.
[bookmark: _Toc37837647]Table 8:	Runoff for mm rainfall (curve number 78)
	Mm
	0
	2.54
	5.08
	7.62
	10.16
	12.7
	15.24
	17.78
	20.32
	22.86

	0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.3
	0.5
	1.0

	25.4
	1.5
	2.3
	3.0
	3.8
	4.8
	5.8
	7.1
	8.4
	9.7
	10.9

	50.8
	12.2
	13.7
	15.2
	16.8
	18.3
	20.1
	21.6
	23.4
	25.1
	26.9

	76.2
	28.7
	30.5
	32.3
	34.3
	36.1
	38.1
	39.9
	41.9
	43.9
	46.0

	101.6
	48.0
	50.0
	52.1
	54.1
	56.1
	58.2
	60.5
	62.5
	64.5
	66.8

	127
	68.8
	71.1
	73.2
	75.4
	77.5
	79.8
	82.0
	84.3
	86.4
	88.6


The data in Table 8 indicates that runoff will not commence until rainfall exceeds 15.2 mm. Therefore, for the purpose of developing a rainfall-runoff dataset, the rainfall lower limit is set at 15.2 mm. The rainfall upper limit is defined such that 75th percentile rainfall value is captured. This requires knowledge of regional rainfall and in the example described, the rainfall upper limit approximates 55.88 mm (which corresponds to 50.8 mm + 5.08 mm in Table 8). A rainfall-runoff dataset is then developed with a rainfall lower limit of 15.24mm and a rainfall upper limit of 55.88 mm, using the rainfall and runoff values in Table 8. Finally a polynomial equation is generated for the dataset in Microsoft Excel.
The percentage of pesticide lost in runoff and available to pose an aquatic exposure risk is predicted from Equation 1. Values of ‘P’ and ‘Q’ for substituting in Equation 1 are derived from Table 8 (the term ‘P’ is a rainfall value; the ‘Q’ term is the runoff value that corresponds to a particular rainfall value defined by ‘P’). To demonstrate, a rainfall event of 50.8 mm (P value) is associated with 12.2 mm of runoff (Q value), giving a Q/P value of 0.24. From an aquatic exposure perspective, the worst case scenario occurs when the value of Q/P is maximal. This value of Q/P is substituted in Equation 1 for predicting the percentage of pesticide lost in runoff and available to pose an aquatic exposure risk.
[bookmark: _Toc37837672]Figure 15:	Runoff curve for NSW grains regions (curve number 78)
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The runoff curve and the polynomial equation for the curve shown in Figure 15 are for straight row, grain crops grown in soils of ‘poor hydrologic condition’. In this equation, y = runoff (note: ‘y’ in the polynomial equation shown above corresponds to ‘Q’ in Equation 1) and x = rainfall (note: ‘x’ in the polynomial equation shown above corresponds to ‘P’ in Equation 1). The polynomial equation for the runoff curve predicts the value of runoff for any value of rainfall. The Q/P term in Equation 1 is not constant and can be calculated using the polynomial equation (some examples are shown in Table 9).
[bookmark: _Toc37837648]Table 9:	Calculation of runoff (Q) for different rainfall values based on the polynomial equation for the runoff curve shown in Figure 10
	Rainfall (mm)
(“P” from Equation 1)
	Runoff (mm)
(“Q” from Equation 1)
	Q/P
(for inclusion in Equation 1)

	20
	0.47
	0.024

	30
	2.83
	0.094

	40
	6.74
	0.17

	50
	11.7
	0.23

	50.81
	12.2
	0.24


1 This value is included for cross reference to the look-up table above (Table 8) where 50.8 mm of rainfall is predicted to have runoff of 12.2 mm, which in Table 9 is calculated from the polynomial equation.
[bookmark: _Toc37837632]Summary of the procedure
The procedure for: (1) developing a polynomial equation that characterises a rainfall-runoff dataset; and (2) determining the percentage of an application dose dissolved in runoff water and available to pose a potential risk through aquatic exposure, involves a series of steps that can be summarised as follows:
Select (or adapt, as the case requires) a hydrological soil-cover complex from the USDA’s National Engineering Handbook Part 632.
Apply the rainfall-runoff table with curve number selected (or adapted) from the USDA’s National Engineering Handbook Part 632 identified at Step 1.
Determine the range of rainfall values and corresponding runoff values for consideration (Note: The rainfall lower limit is the rain required for runoff to commence; the rainfall upper limit must, at very least, capture the 75th percentile rainfall value). The rainfall and runoff data chosen from the USDA’s National Engineering Handbook are used to develop a rainfall-runoff dataset. Finally, a polynomial equation is fitted to the dataset using Microsoft Excel.
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As a separate exercise, substitute an individual value of rainfall (the ‘P’ term in Equation 1), the value of runoff (the ‘Q’ term in Equation 1) that corresponds to the rainfall value, and chemical-specific information such as half-life and KD in Equation 1. Solving Equation 1 yields the percentage of an application dose dissolved in runoff water and available to pose a potential risk through aquatic exposure is predicted.
[bookmark: _Toc414373845][bookmark: _Toc37837633]Appendix 2: Worked example of screening level runoff risk assessment
Screening level runoff risk assessments provide initial estimates of the risks posed by the aquatic exposure to pesticide contained in runoff that results from rainfall. The derived estimates are based on worst-case scenarios for risk determination.
Table 1 shows the soil profile with the highest runoff propensity is in Queensland where >80 per cent of topsoils contain >40 per cent clay. Table 2 shows the worst case scenario, based on the highest runoff curve number, is fallow, bare soil. Hence, the worst case composite rainfall-runoff curve is generated for Queensland under fallow, bare soil conditions. This composite curve is applied in the screening level runoff risk assessment regardless of the situation being assessed. Pesticides that pose risks estimated to be acceptable at the screening level do not require any additional risk assessment.
As described in Section 3.1, the composite rainfall-runoff curve for Queensland under fallow/bare soil conditions is CN 93. The runoff/rainfall equation for this CN is shown as:
[bookmark: _Toc37837673]Figure 16:	Composite runoff curve for fallow, bare soil in Queensland (curve number 93)
[image: ]
In this equation, y = runoff (mm) for a given value of x, where x = rainfall.
The screening level assessment is performed using the standard water body scenario adopted in Australian risk assessments viz. a 10 ha catchment feeds a 1 ha surface area water body with an initial depth of 10 cm. In this scenario, the rainfall value that results in the maximum receiving-water body concentration is 8 mm. At higher rainfalls, the concentration of pesticide is diluted by additional runoff.
Screening level calculations are based on this equation. The following table provides the step-wise process with the screening level runoff risk assessment for determining exposure to pesticide in runoff and the corresponding risk quotient for a hypothetical chemical.
[bookmark: _Toc37837649]Table 10:	Stepwise calculations for determining receiving-water concentration of pesticide and risk quotient
	
	Calculation (where applicable)
	Parameter value

	Catchment properties
	
	

	Treated area
	
	10 ha

	Surface water pond dimensions
	
	1 ha, 15 cm deep

	Surface water initial volume
	10,000 m X 0.15 m X 1,000 L
	1,500,000 L

	Chemical properties
	
	

	Soil half-life (DT50)
	
	20 days

	Soil adsorption coefficient, Kd
	
	0.8 L/kg

	Aquatic regulatory acceptable level
	RAL—ecotoxicity value
	8.5 µg/L

	Application rate
	
	1,000 g ac/ha

	Calculating L% (Equation 1)
	
	

	Rainfall value (P)
	
	8 mm (default at screening level)

	Runoff (Q)
	=(-0.0002*P3)+(0.024*P2)–(0.0404*P)
	1.11 mm

	Q/P
	=1.11 / 8
	0.14

	Slope
	
	8% (default at screening level)1

	Slope factor
	=(0.02153 X slope + 0.001423 X slope2)
	0.2633

	Chemical remaining available following degradation
	=(-3*LN(2)/DT50)
	0.901

	Heterogeneity factor
	Assumes half the treated area contributes to runoff
	0.5

	Final loss (%) in dissolved phase
	=0.14 (Q/P) * 0.2633 * 0.901 * 0.5 * (100/(1+Kd))
	0.91

	The % loss is calculated in terms of total mass of the chemical lost and distributed into the final water volume of the water body.

	Total volume of runoff water (10 ha)
	=1.11 mm (Q) * 10 (ha) * 10,000 (m2/ha) * 1,000 (L/m3)
	111,040 L

	Total volume of receiving water
	=1,500,000 (initial) + 111,040
	1,611,040 L

	Mass of chemical lost (10 ha)
	=1,000 g (application rate) * 10 (ha) * (0.91/100 – % lost) * 1,000,000 (µg/g)
	91,497,199 µg

	Predicted environmental concentration (PEC)
	=91,497,199 µg / 1,611,040 L
	56.8 µg/L

	Risk quotient
	= 56.8 µg/L (PEC) / 8.5 µg/L (RAL)
	6.7 (Conclusion: risk is unacceptable)


1 It is apparent from the 90th percentile slope obtained through the MCAS analysis that slopes can be significantly steeper in Tasmanian horticulture regions than other horticultural/pasture/turf areas in the country. At the initial screening level runoff risk assessment, the slope is fixed at 8%. This is expected to cover >90% of situations at the screening step. Horticultural, turf (golf courses) and pasture uses in Tasmania have 90th percentile slopes exceeding this value and in such cases, modelling runoff risk for Tasmania should proceed immediately to the Step 1 refinement.
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The screening level runoff risk assessment outlined in Table 10 identifies an unacceptable risk. Therefore, the risk assessment should proceed to a Step 1 refinement of the runoff risk assessment.
[bookmark: _Toc37837634]Appendix 3: Worked example of Step 1 refinement of the runoff risk assessment
Real-world data on soil profiles and slopes are applied in the Step 1 refinement of runoff risk assessments. This level of assessment retains the assumption of a 10 ha catchment with runoff to a 1 ha pond with an initial water depth of 15 cm. The calculations for these components are the same as those shown in Appendix 2 and are not repeated here.
Demonstrated below is a spatial assessment for the same pesticide and use pattern as described in Appendix 1. However, two states—Queensland and Victoria—are now considered. A curve number of 93 still applies for Queensland. Therefore, the equation for runoff (Q) is that shown in Appendix 2, Figure 16.
The soil profile for Victoria (refer to Table 1:	Soil composition according to hydrologic soil group) and the USDA curve numbers for a fallow, bare soil cover complex (refer to Table 2:	Alignment of USDA Cover Type and HSG rainfall-runoff indexes with Australian agricultural practices) are applied. The methodology described in Appendix 1 is then used to calculate a final curve number of 87 (rounded down from 87.25) and generate a composite runoff curve for Victoria. The polynomial equation and curve are as follows:
[bookmark: _Toc37837674]Figure 17:	Composite runoff curve (curve number 87) for fallow, bare soil in Victoria
[image: ]
Victorian soils have a lower clay content than Queensland soils and therefore a lower curve number. Consequently, a greater rainfall value is required prior to commencement of runoff in Victoria compared to Queensland. The rainfall value that corresponds to the peak pesticide concentration in the standard water body is determined for inclusion in the calculations. This calculation is carried out at the point when the value of Q/P is maximal. This occurs for Victoria at 16 mm of rainfall and for Queensland at 8 mm of rainfall.
A slopes analysis in dryland growing regions of Queensland and Victoria (described in Section 3.2) yielded 90th percentile slopes of 1.97 per cent and 1.18 per cent, respectively. Applying the different rainfall and slope values for the two states and following the methodology in Appendix 2 for each state results in the following outcomes for Step 1 refinement of the runoff risk assessment.
[bookmark: _Toc37837650]Table 11:	Step 1 refinements of the runoff risk assessment—spatially different outcomes in Queensland and Victoria attributed to different soil types and slopes
	State
	Rainfall (mm)
	Slope (%)
	Runoff (mm)
	L%
	PEC (µg/L)
	Risk Quotient

	Queensland
	8
	1.97
	1.11
	0.17
	10.34
	1.22

	Victoria
	16
	1.18
	1.66
	0.07
	4.27
	0.50
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At this first step of refinement, receiving-water concentrations are decreased significantly from the screening level runoff risk assessment that takes slopes and soil types into account. The risk posed by the aquatic exposure to pesticide contained in runoff from rainfall in Victoria is now demonstrated to be acceptable. By contrast, the risk in Queensland remains unacceptable; however, the risk is significantly reduced when compared to the screening level runoff risk assessment outcomes described in Appendix 2.
[bookmark: _Toc37837635]Appendix 4: Additional discussion of the Step 2 refinement of the runoff risk assessment (including instream analysis)
Instream analyses are critically important components of a Step 2 refinement of the runoff risk assessment and such analyses require a lot of data to conduct. The APVMA has published the dryland streamflow data, which provides a starting point to undertake this level of assessment. The streamflow data needs to be amended for baseflow, which in turn requires long-term rainfall data. In addition, the streamflow data and rainfall data need to be separated into relevant time periods – typically seasons or months depending on the situation being assessed.
In order to demonstrate the approach, the APVMA accessed the necessary information through a third party. The pesticide and application rate discussed in this Appendix are identical to those assessed in Appendices 2 and 3. It is also noted in Appendix 3 that under Queensland conditions, the risk from aquatic exposure to the pesticide is unacceptable. The risk, in this instance, was estimated from a Step 1 refinement of the runoff risk assessment.
Rainfall data, which comprised approximately 220,000 daily rainfall values grouped by season, was collected from 21 weather stations in the dryland growing regions of Queensland. Based on the background catchment and known soil profile for Queensland, the rainfall required for runoff to commence was predicted to be 9 mm. The 25th and 75th percentiles of seasonal rainfall values ≥9 mm for each weather station were then derived. Finally, the 90th percentile of the range of 25th and 75th percentile values were calculated for modelling purposes.
Daily streamflow data was available for 136 monitoring stations, and based on probability of seasonal rainfall, 544 individual baseflow indexes were calculated prior to determining flow rate distributions. The 25th and 75th percentile streamflow rates, which accounted for the baseflow rates, were then determined for each monitoring station.
[bookmark: _GoBack]A slopes analysis following the methodology in Section 3.2 was conducted and demonstrated a mean slope determination of 0.86 per cent for dryland growing regions in Queensland.
Predicted pesticide losses (L%) from the treated field were calculated by substituting the values of the mean slope and refined rainfall in Equation 1:	Simplified formula for indirect loadings caused by runoff. Theoretical instream concentrations for each assessed streamflow percentile and season were then calculated at the time immediately after the edge-of-field runoff containing pesticide had distributed into the stream (the procedure is described in Section 4.3). The aquatic Regulatory Acceptable Level (RAL) for each distribution was compared with the predicted instream concentration. For those situations in which the RAL exceeded the predicted instream concentration, biodiversity was considered to be protected. The following table shows the outcomes of the analysis:
[bookmark: _Toc37837651]Table 12:	Dryland cropping for a fallow, bare soil scenario in Queensland1
	Season
	Percent streamflow
	Rainfall (mm/d)
	L%
	Percent receiving waters protected

	Autumn
	25
75
	12.9
30.6
	0.0512
0.1021
	94.4
>99

	Spring
	25
75
	12.6
30.1
	0.0502
0.1010
	97.4
>99

	Summer
	25
75
	13.1
30.7
	0.0519
0.1023
	98.4
>99

	Winter
	25
75
	12.7
29.0
	0.0505
0.0985
	91.2
>99


1 Pesticide was applied once at a rate of 1,000 g active constituent per hectare.
The lowest level of protection occurs in winter, which is a low rainfall season in Queensland. In this scenario, biodiversity was protected in 91.2 per cent of receiving-waters. The distribution of the 25th percentile streamflow data in the winter months in Queensland is shown in Figure 18.
[bookmark: _Toc37837675]Figure 18:	Distribution of theoretical instream concentrations
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The curve shown In Figure 18 was generated from 25th percentile streamflow data in the winter months in Queensland. The vertical dashed line represents 8.5 µg/L, which is the maximum permitted concentration of pesticide. The horizontal dashed line represents the percentage of receiving-waters that are protected.
[bookmark: _Toc37837636]Appendix 5: Baseflow calculations
In the methodologies described here and in the European FOCUS stream scenarios, an important component of the stream analysis relates to baseflow. Failing to take baseflow into account requires estimates to be based on streamflow rate percentiles derived from cumulative frequency distribution curves for the total dataset. Moreover, instream concentrations will be over-estimated when increased flow caused by rainfall runoff is not treated as an additional flow rate. In this scenario, the rainfall value used for predicting runoff concentration would remain unchanged.
Parameters quantifying the catchment ‘Baseflow Index’ (BFI) are needed for deriving a baseflow component of the hydrological flows feeding the surface water bodies in the FOCUS scenarios. The BFI quantifies the fraction of long-term total flow in a catchment that is attributed to baseflow. In the European scenarios, this parameter was derived from an estimated soil hydrological class at each representative field site. Associated with estimated soil hydrological classes are a set of empirically-derived coefficients that describe streamflow characteristics. BFI values ranging from 0.17 to 0.79, based on soil hydrological characteristics, were adopted for each of the FOCUS surface water scenarios.
A classification tool of this kind is not available in Australia. A conservative approach to calculating an individual BFI for each monitoring station in each season is applied in Australia. For the analysis, positive flow is considered to be >0.001 m/s (~0.09 km/h) and for the standard stream of 3 m wide and 15 cm deep, this equates to a flow rate of volume of approximately 1.15 L/s (0.1 ML/d). This low flow rate is used as the positive flow cut-off for reducing possible inconsistencies when measuring low flow conditions at different monitoring stations.
All long-term monitoring flow data is grouped by season and the time (expressed as a per cent) of positive flow determined.
The probability of rainfall for each region is obtained by taking the lower 10th percentile of rainfall probability for the season of interest. The outcome probability is for any rainfall, not only rainfall that could generate runoff. The latter will be highly variable and depend on other factors such as soil type and slopes within a particular catchment.
In this manner, a unique BFI for each monitoring station by season is calculated as the difference between the time (expressed as a per cent) in positive low rainfall and the probability of any rainfall. In many cases, positive flow periods for streams occur less frequently than rain periods. This is particularly the case in drier seasons, which is not surprising given that the rainfall likelihood is for any rainfall, not only rainfall resulting in runoff. In these instances, the BFI was set at 0, and means that any flow in these systems is assumed to be the result of quick-flow only. This demonstrates the conservatism of the approach.
The BFI values applied in the assessment of streamflow data are summarised in Table 13.
[bookmark: _Toc37837652]Table 13:	Summary of Baseflow Index (BFI) values for dryland cropping regions
	Model
	Slope (%)
	Summer
	Autumn
	Winter
	Spring

	New South Wales
	Minimum BFI
Maximum BFI
Median BFI
10th percentile
	0.00
0.82
0.79
0.34
	0.00
0.82
0.79
0.35
	0.00
0.83
0.82
0.66
	0.00
0.83
0.80
0.49

	Victoria
	Minimum BFI
Maximum BFI
Median BFI
10th percentile
	0.00
0.89
0.54
0.00
	0.00
0.84
0.62
0.01
	0.00
0.72
0.65
0.09
	0.00
0.79
0.64
0.07

	Queensland
	Minimum BFI
Maximum BFI
Median BFI
10th percentile
	0.00
0.87
0.66
0.39
	0.00
0.86
0.54
0.18
	0.00
0.87
0.50
0.09
	0.00
0.86
0.50
0.21

	Western Australia
	Minimum BFI
Maximum BFI
Median BFI
10th percentile
	0.00
0.93
0.25
0.00
	0.00
0.85
0.58
0.00
	0.00
0.67
0.66
0.04
	0.00
0.85
0.45
0.00
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[bookmark: _Toc414373848][bookmark: _Toc37837637]Abbreviations
	∆T
	Duration of heavy rain event in seconds

	BFI
	Baseflow index

	DoEE
	Department of the Environment and Energy

	DT50
	Half-life of an active ingredient, expressed as days

	DT50soil
	Half-life of an active ingredient in soil, expressed as days

	f1
	Slope factor

	f2
	Influence of plant interception

	f3
	Influence of a densely covered buffer zone

	FOCUS
	Forum of the Coordination for Pesticide Fate Models and Their Use

	HSG
	Hydrologic Soil Group

	Kd
	Pesticide soil-sorption coefficient

	L%runoff
	Percentage of (pesticide) application dose dissolved and available in runoff water

	MCAS-S
	Multi-Criteria Analysis Shell for Spatial Decision Support 

	P
	Daily precipitation, expressed as mm/day

	Pa
	Chemical (pesticide) applied to the simulation area, expressed as µg

	Pc
	Simulated mean pesticide instream concentration, expressed as µg/L

	Q
	Runoff volume, expressed as mm/day

	Qstream
	Peak streamflow during heavy rain events, expressed as L/s

	SCEW
	Standing Council of Environment and Water

	SFIL
	Simplified formula for indirect loadings 

	RAL
	Regulatory acceptable level
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[bookmark: _Toc414373849][bookmark: _Toc37837638]Glossary
	Background catchment
	A catchment with defined land cover attributes that is used to determine an appropriate rainfall value required for runoff to commence in different states and regions.

	Baseflow
	Baseflow is the portion of the streamflow that is sustained between precipitation events, and is not the result of rainfall runoff.

	Baseflow index
	Baseflow index quantifies the fraction of long-term, total flow representing baseflow.

	Composite rainfall-runoff curve
	A curve describing the relationship of runoff to rainfall calculated by weighting surface coverage factors such as land use and vegetation, with hydrologic soil group data.

	Cumulative frequency distribution
	Cumulative frequency of occurrence of values of a phenomenon.

	Ecotoxicity end-point
	Defined end-point usually based on EC50, LC50 or NOAEC, expressed as a concentration.

	Edge-of-field
	Pesticide runoff at the edge of a field as a consequence of rainfall runoff, expressed as a concentration.

	Lentic water body
	Lentic water bodies include freshwater lakes, saline lakes, ponds, marshes, swamps and billabongs. They may be temporary or permanent in nature. Artificial lentic water bodies include large water infrastructure dams, weirs, farm dams and other storage reservoirs.

	No-till
	A farming method for growing crops or pasture based on minimal disturbance of the soil through tillage (mechanical agitation). Usually involves leaving crop stubble as ground cover. 

	Probability density function
	A function of a continuous random variable whose integral across an interval gives the probability that the value of the variable lies within the same interval.

	Qstream
	Peak streamflow during heavy rain, expressed as L/sec.

	Quick flow
	Stream-flow due to rainfall runoff.

	Rainfall-runoff index
	A label representing a relationship between rainfall and runoff with higher numbers indicating more runoff than lower numbers.

	Regulatory acceptable level
	The ecotoxicity level considered to be acceptable and in runoff risk assessments, the maximum receiving-water concentration not expected to cause undue harm to aquatic organisms.

	Risk quotient
	The ratio of an estimated environmental concentration with a relevant ecotoxicity end-point. Quotients of 1.00 or above generally indicate unacceptable risk. 

	Standard water body
	A model water body comprising a 1 ha water body that is 15 cm deep and has a 10 ha catchment draining into it.
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Runoff (mm)





Bare soil	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	2.4712027696449567E-3	7.3626876701166355E-2	0.23269846363891092	0.46776801083205993	0.76897857786483048	1.1281071774669857	1.5382396791443493	1.9935203609777588	2.4889568493025052	3.0202666634321456	3.5837553677466025	4.1762189879839946	4.7948652356536581	5.4372494429773477	6.1012221002149536	6.7848856157672595	7.4865584613412821	8.2047452713721238	8.9381117741731035	9.6854636678003061	10.445728734963264	11.217941631989058	12.001230896740321	12.794807806805181	13.597956787661991	14.410027124959974	15.230425778638914	16.058611131690377	16.894087534743246	17.736400530730162	18.585132662737937	19.439899783608528	20.30034779859826	21.166149782944672	22.037003424946416	22.912628752461508	23.792766106837831	24.677174333418641	25.5656291620868	26.457921754963383	27.35385740147257	28.253254343617282	29.155942716555202	30.061763591484723	30.970568109496444	31.882216696461164	32.796578350244758	No-till	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	8.0871008953284652E-5	3.0985246567148701E-2	0.11457527639185425	0.24666821343161008	0.42351265689198708	0.64173434644153937	0.8982899302352001	1.1904273710381674	1.5156519044710135	1.8716966618042343	2.2564972282684503	2.6681695352224546	3.104990587395521	3.5653816099200593	4.0478932679670088	4.5511926675831003	5.0740518922299884	5.615337867449254	6.1740033775353984	6.7490790842934132	7.3396664198490296	7.9449312438395205	8.5640981707630814	9.1964454863086065	9.841300582534668	10.49803585115046	11.16606498214616	11.844839621850319	12.533846350342971	13.232603943178777	13.940660886701915	14.657593119969892	15.383001979535516	16.11651232613918	16.857770834799936	17.606444431915708	18.362218864835445	19.124797390985854	19.893899575055208	20.669260183983226	21.450628170602492	22.237765737743388	23.030447475467373	23.828459564847979	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	NSW	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	4.0236366161131333E-2	1.7733515986041019E-3	1.2667390780848987E-2	6.9481332595687201E-2	0.16908992981489143	0.30864524431620122	0.48554655687094161	0.69741411173908352	0.94206613775509418	1.217498678593788	1.5218678395562462	1.8534741197135749	2.2107485491164227	2.5922403930229541	2.9966062203123145	3.4226001627109617	3.8690652161915873	4.3349254567370448	4.8191790602661708	5.3208920314410282	5.8391925587623676	6.3732659241778071	6.922349904676798	7.4857306112761384	8.0627387176159058	8.6527460362590922	9.2551624058617001	9.8694328567728622	10.495035026436577	11.131476799282082	11.778294148679509	12.435049161061194	13.10132822451769	13.776740366114053	14.460915723873468	15.153504140872519	15.854173870212808	16.56261038079964	17.278515254890166	18.001605169287828	18.731610952871144	19.468276713866736	20.211359030918377	20.960626202577025	Vic	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	7.8248229547642505E-4	1.617880896004701E-2	7.7677340282395119E-2	0.1821141753031276	0.32660844785029403	0.50853136938337351	0.72547924801416352	0.97524990036914694	1.2558219687555885	1.565336734548491	1.902082083247346	2.2644783299526794	2.6510656582132106	3.0604929619892309	3.4915079112201566	3.9429480872604539	4.413733056133899	4.9028572658602485	5.4093836696066555	5.9324379895786574	6.4712035477768204	7.0249165993214291	7.5928621122496267	8.17436994473284	8.768811376726223	9.3755959582951718	9.994168641391429	10.624007165776851	11.264619673204423	11.915542526937145	12.576338316278298	13.246594028054149	13.925919368976963	14.613945224560489	15.310322241794196	16.014719524134431	16.726823428563705	17.446336455524499	18.172976223468279	18.906474520589317	19.646576427049361	20.393039501654645	21.145633027530621	Qld	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	6.7943372132764067E-5	5.1541674951777923E-2	0.18982475142277813	0.40352142629210613	0.68314694168702028	1.0207430714278229	1.4095828890810864	1.8439415020375334	2.3189161731253796	2.8302838479321286	3.3743873168852123	3.9480435153903759	4.5484690969928021	5.1732195992023025	5.8201393913486026	6.4873202389712743	7.1730668024418742	7.875867752706931	8.5943714654031709	9.3273654684786678	10.073758984035033	10.832568034209274	11.602902682255383	12.383956060043378	13.174994896820939	13.97535131494303	14.784415699152309	15.601630479018423	16.426484690958404	17.258509208134491	18.097272544451013	18.9423771536248	19.79345615649579	20.650170439860517	21.512206078536938	22.379272039411575	23.251098132128764	24.127433176054193	25.008043357344413	25.892710753511103	26.781232005891052	27.673417123008083	28.569088400013733	29.468079441278846	30.37023427482805	31.275406548703923	32.183458800551918	SA	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	6.3662469964300581E-3	5.4048057520925874E-3	4.9869254361211271E-2	0.1367359094677485	0.2632436167104299	0.42686586369131518	0.62528637374088325	0.85637768393321301	1.1181822901410599	1.408896007275553	1.7268532469139546	2.0705139594099911	2.4384520250001711	2.8293449097231207	3.2419644282479436	3.6751684778423308	4.1278936264153741	4.5991484534244105	5.0880075559142375	5.5936061434496205	6.1151351555282405	6.6518368434851807	7.2030007661407911	7.7679601546829176	8.346088607663841	8.9367970816583533	9.5395311471786108	10.153768482962956	10.779016584825177	11.414810667931171	12.060711743715908	12.716304854710412	13.381197452355433	14.055017904468887	14.737414120436229	15.42805228343147	16.126615680072046	16.832803618881915	17.546330429798921	18.266924537728631	18.994327603829021	19.728293728818645	20.468588713143856	WA	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	1.6228288532598376E-3	2.5537409275926157E-2	7.7077798845475609E-2	0.15508753737948278	0.25847382473512598	0.38620319987947466	0.53729756718626565	0.71083053783607986	0.90592405754888872	1.1217452948415523	1.357503766627399	1.6124486803030602	1.885866473536026	2.177078534806753	2.4854390893991316	2.8103332369967151	3.1511751283500766	3.50740626965126	3.8784939443002955	4.2639297426900562	4.6632281914815072	5.0759254746022808	5.5015782388868431	5.9397624778945746	6.3900724880001167	6.8521198913547572	7.3255327207740368	7.8099545620203275	8.3050437493240974	8.8104726103280484	9.3259267569477036	9.8511044189234873	10.385715817095621	10.929482573666778	11.482137156930539	12.043422358138363	12.613090798355604	HSG A	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	4.000871653481156E-4	8.8952770339928502E-3	4.2913106016104756E-2	0.10148061721102854	0.18367368706644538	0.28861399962211098	0.41546624297395301	0.56343550914817964	0.73176488037301757	0.91973318634260759	1.1266529185057359	1.3518682887009332	1.5947534206160516	1.8547106635896613	2.1311690192065487	2.4235826719817788	2.731429616187286	3.0542103715607416	3.3914467812563345	3.7426808859580825	4.1074738685845285	4.4854050644745822	4.8760710323627405	5.2790846818321953	5.6940744532803524	6.120683546746279	6.5585691962368093	7.0074019864499917	7.4668652090338838	7.9366542557373174	8.4164760460093824	8.9060484867875687	9.4050999623823603	9.9133688525200689	10.430603076747088	10.956559663528552	HSG B	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	1.7715706100437619E-3	1.2672323602067905E-2	6.9493253252851467E-2	0.16910905472490373	0.30867174077877785	0.48558055028039937	0.69745569172376209	0.94211536341568369	1.2175555829821765	1.5219324335123925	1.8535463951582525	2.2108284818815696	2.5923279452881118	2.9967013427047338	3.4227027961178806	3.8691752933256987	4.3350429034898914	4.8193037968789918	5.3210239735181837	5.839331618148794	6.3734120097188525	6.9225029228761512	7.4858904668653583	8.0629053140471818	8.6529192761312181	9.2553421912879585	9.8696190896982401	10.495227608910843	11.13167563369432	11.778499137958985	12.435260208848845	13.101545235311871	13.776963245393842	14.461144378202302	15.153738477984639	15.854413799084679	16.562855811708189	17.278766099459588	18.001861340526297	18.731872365198821	19.468543283136079	20.211630674427841	20.960902839078948	HSG C	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	2.3288735084864175E-5	3.648862506871603E-2	0.14407218217746243	0.31518037656961312	0.54326353456197107	0.82264246634043636	1.1483685019482601	1.5161096914589109	1.9220576355711492	2.3628507112328179	2.8355104223223706	3.3373883301306586	3.8661215672768492	4.4195953579131153	4.9959112897895288	5.5933603340312397	6.2103998039502617	6.8456335978942224	7.4977951927209929	8.1657329512592671	8.8483973845736124	9.5448300721877519	10.2541539938432	10.97556506735816	11.708324720626077	12.451753353253748	13.205224565962661	13.968160054592724	14.740025081090524	15.520324446821563	16.308598904386532	17.104421953223081	17.907396971941413	18.71715464682098	19.533350661388145	20.355663616664199	21.183793155655447	22.017458269061578	22.856395762097804	23.700358864835614	24.549115970629185	25.402449489062505	26.260154801469611	27.12203930848392	27.987921560293451	28.857630461342755	HSG D	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	3.6838614215010581E-3	3.3807806397917285E-2	0.17187438596137697	0.40081326422496544	0.70697326484442724	1.0793071290411724	1.5087789137933176	1.987926182273972	2.5105317826939291	3.0713744941913603	3.666037281978519	4.2907582095163939	4.9423133321032875	5.6179238442883239	6.3151818162593933	7.0319903176579981	7.7665147786390145	8.5171432023638243	9.2824534049749374	10.061185876358593	10.85222116785933	11.654560949806044	12.467312062301348	13.289673021611151	14.12092255210422	14.960409797664617	15.807545932466279	16.661796943148637	17.522677395907763	18.389745035192554	19.262596087375261	20.140861164333661	21.024201679403436	21.912306702460455	22.804890192618146	23.701688556680153	24.602458489471456	25.506975058797789	26.415030003304807	27.326430216125939	28.240996391083016	29.158561811466605	30.078971264179323	31.00208006436101	31.927753177599865	32.855864428525607	33.786295786027253	34.718936716577574	Rainfall (mm)
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2 0.48 0.54 0.60 0.66 0.72 0.79 0.85 0.92 0.99 1.06
3 L13 1.20 1.27 135 142 150 L.57 1.65 L73 181
4 1.89 197 2.05 2.13 2.21 229 2.38 2.46 2.54 2.63
5 2.71 2.80 2.88 297 3.05 3.14 3.23 3.32 3.40 3.49
6 3.58 3.67 3.76 3.85 3.93 4.02 4.11 4.20 429 4.38
7 4.48 4.57 4.66 4.75 4.84 4.93 5.02 5.11 5.21 5.30
8 5.39 5.48 5.58 5.67 5.76 5.86 5.95 6.04 6.14 6.23
9 6.32 6.42 6.51 6.60 6.70 6.79 6.89 6.98 7.08 717
10 7.26 7.36 745 7.55 7.64 7.74 7.83 793 8.03 8.12
11 8.22 8.31 8.41 8.50 8.60 8.69 8.79 8.89 8.98 9.08
12 9.17 9.27 9.37 9.46 9.56 9.65 9.75 9.85 9.94 10.04
13 10.14 10.23  10.33 1043 10.52 10.62 10.72 10.81 10.91 11.01
14 1111 11.20 1130  11.40 11.49 11.59 11.69 11.79 11.88 11.98
15 12.08 1217 1227 1237 1247 12.56 12.66 12.76 12.86 12.95
16 13.05 13.15 1325 1334 13.44 13.54 13.64 13.74 13.83 13.93
17 14.03 1413 1422 1432 14.42 14.52 14.62 14.71 14.81 14.91
18 15.01 1511 1520 1530 15.40 15.50 15.60 15.70 15.79 15.89
19 15.99 16.09 1619  16.28 16.38 16.48 16.58 16.68 16.78 16.87
20 16.97 17.07  17.17  17.27 17.37 17.47 17.56 17.66 17.76 17.86
21 17.96  18.06 18.16  18.25 18.35 18.45 18.55 18.65 18.75 18.85
22 18.94 19.04  19.14  19.24 19.34 19.44 19.54 19.63 19.73 19.83
23 19.93  20.03  20.13  20.23 20.33 20.42 20.52 20.62 20.72 20.82
24 20,92 21.02 2112 21.22 21.31 2141 21.51 21.61 21.71 21.81
25 2191 22,01 2211 2220 22.30 22.40 22.50 22.60 22.70 22.80
26 2290 23.00 2310 23.19 23.29 23.39 23.49 23.59 23.69 23.79
27 23.89 2399 24.09 24.19 24.28 24.38 24.48 24.58 24.68 24.78
28 24.88 2498 25.08 25.18 25.28 25.37 25.47 25.57 25.67 25.77
29 25.87 2597 26.07 26.17 26.27 26.37 26.47 26.56 26.66 26.76
30 26.86  26.96 27.06 27.16 27.26 27.36 27.46 27.56 27.66 27.76
31 2786 27.95 28.05 28.15 28.25 28.35 28.45 28.55 28.65 28.75
32 28.85 2895 29.05 29.15 29.25 29.34 29.44 29.54 29.64 29.74
33 29.84 2994 30.04 30.14 30.24 30.34 30.44 30.54 30.64 30.74
34 30.84 3093 3103 3113 31.23 31.33 31.43 31.53 31.63 3173
35 31.83 3193 32.03 3213 32.23 32.33 32.43 32.53 32.62 32.72
36 32.82 3292 33.02 3312 33.22 33.32 33.42 33.52 33.62 33.72
37 33.82  33.92 34.02 3412 34.22 34.32 34.42 34.52 34.61 34.71
38 3481 3491 3501 3511 35.21 35.31 35.41 35.51 35.61 35.71
39 3581 3591 36.01 36.11 36.21 36.31 36.41 36.51 36.61 36.70
40 36.80 36.90 37.00 37.10 37.20 37.30 37.40 37.50 37.60 37.70
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