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Purpose
To provide you with an overview on 
how the Risk Index Tool works



About the Risk Index Tool
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An evidence-based, online tool that estimates the risk of nitrogen-loss at farm-scale.

Phase one of the Risk Index Tool (RIT) considers:

• Biophysical characters 
• Soil
• Slope
• Climate (precipitation & irrigation)

• Anthropogenic factors
• Enterprise (eg, sheep, pigs, arable)
• N source inputs (urine, dung, fertiliser, residues)
• Farm practices
• Mitigations

Note: Phase one of the RIT will require further development.



Scope of the RIT (phase one)
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In scope Out of scope

Nitrogen species Other contaminants – phosphorus, sediment, 
pathogens

Risk score Quantitative nitrogen loads

Biophysical: soil, slope, climate, irrigation Catchment modelling

N inputs: urine, dung, fertiliser, below ground 
crop residues

Leaching & run-off

Mitigations / modifiers

Open source and open data



How it works



Sources of N loss
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Losses in the literature range 
from 2-500 kg N/ha/yr. The 
mean of studies in NZ is 25 kg 
N/ha/yr (median = 12)

Forms vary (nitrate, 
ammoniacal, organic, 
particulate) and pathway

Nitrate-N in intensive land use 
but varies from 10-90% of total 
N 



General structure of how the RIT works
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• The RIT cannot assess loss (quantitative or qualitative) by only considering source or transport.

• Reductions could be achieved by reducing inputs or by implementing additional practices:
• Reducing inputs (eg, fertiliser, rocking rate, land cover are termed mitigations.
• Reducing risk by using additional actions are termed modifiers.

• Modifiers act to reduce risk by changing baseline risk with a multiplication factor derived from empirical studies.

• Our approach follows the USDA-ARS method to drive on-farm management and ‘best management practice’ use.

δ = change



Data sets underpinning modelling

Modelling done by Our Land and Water - Whitiwhiti Ora 

• 3167 S-map siblings (S-map & FSL siblings: Manaaki Whenua)

• 10,563 weather locations (NIWA VCSN)

• ~5 km square (1 to 55 soils within location)

• 81,710 unique weather-soil combinations modelled for each of:

41 years (the median across these is used)

12 months

Irrigated or not (as a contribution to precipitation)

• >40M APSIM simulations to produce a

single data source for RIT-use

8Image used with permission from Our Land and Water, Professor Richard McDowell



General structure: APSIM transport factors
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Horizontal / run-off risk
• Divide the amount of runoff 

during 30 days by 200 mm
• Cap at 1.0

Vertical / leaching risk
• Normalise amount leached in 

two years by the quantity of N 
spiked

• Cap at 1.0



Transport risks
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• Runoff risk increased with 
rainfall at moderate rainfalls 
(those found in most 
agricultural areas) and was 
higher in July compared to 
January; and 

• At lower rainfall sites, 
irrigation increased runoff risk 
in January but not July. 
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• High vertical risk in 
summer at low rainfall is 
because of low growth 
an N uptake



Considerations



Animals
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• Our approach uses a reputable, trusted and updated source of N 
inputs via animals.

• We used MPI’s Agricultural Inventory that separates N inputs by: 
• Dairy = gender, age, month and region.
• Drystock = gender, age and month.
• Other drystock (horses, alpacas, goats, pigs) have only a few 

input values (e.g., dairy or non-dairy goats).

• N inputs via dairy shed effluent also included.



Residues

• Monthly estimates of above ground and below ground residues were 
made using crop-specific N concentrations, harvest index and yield.

• Mineralisation dependent on C:N ratio <25.

• Additional adjustment made for rooting depth (although testing of 
APSIM transport values for shallow rooting crops is scheduled).

• Additional inputs from: 

• Cultivation of pastures (short- and long-term).

• Green manures.

• Fallow periods.
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Soil erosion

Combined observations of sediment loss 
(2 arable, 9 dairy, 7 deer, 8 forest, 13 
sheep and beef, 3 vegetables, 6 grazed 
winter forage crop) with seasonal cover 
factors from RUSLE and MfE-held data for 
soil N concentrations (0.73 – 28.8 g/kg) 
for land use by soil order and adjusted for 
slope.

Possible range = 0.04 – 16.1 kg N/ha/yr

Realistic range = 0.04 – 7.4 kg N/ha/yr

15



Fertilisers

• Data on N inputs by fertilisers from user defined rates of fertilisers sold 
by Ballance Agri-Nutrients and Ravensdown co-operatives.

• Users also have the option to input rates of manures and composts.

• Underpinning tables (in the background of the RIT) can be adjusted to 
include new fertilisers and manures.
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Mitigations and modifiers

• Users are provided with a suitable array of mitigation and modifiers 
(n>50) from classifications of land use and classifications of climate 
and flow path:

• Grouped into riparian management, edge of field, cropping and 
cultivation, stock management, additives, irrigation/drainage, 
grazing practices, effluent management, feed, N fertilizer, stock 
exclusion, and forestry.

• All mitigations and modifiers are derived from published, peer-
reviewed and accessible literature.
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Mitigations and modifiers (cont.)

• Mitigations work by altering source inputs (recalculating baseline risk) and 
occur before modifiers are applied.

• Selected modifiers are applied in the order of cost-effectiveness, applying 
the most effective first, before the next modifier is applied on the remaining 
risk. This diminishing returns approach avoids reducing risk to zero. 

• Caveats:

• Assumes full effectiveness and good implementation:

• Assumes that effects are applicable at a block scale, but they may not be 
(eg, wetland doesn’t intercept all outflow from a block).

• Modifiers may be working in parallel, but we assume a series effect on 
the basis that the most effective modifier would reduce risk first.
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N loss observations used to develop the RIT

Assembled database containing:

• 114 measured and 41 modelled (via APSIM or 
SPASMO) observations. 

• 58 observations were of total N (TN) and 124 
observations were of nitrate-N. 

• Number of observations – beef (3), cropping (31), 
dairy (37), deer (8), exotic forestry (13), gorse (4), 
horticulture (21), native forest (7), sheep (10), 
vegetables (11). Runoff (51), leaching losses.

• Only 2 were on Te Whenua Māori. 

• Range of scales captured from catchments to small 
plots.

19Image used with permission from  Professor Richard McDowell
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RIT – range of measured and modelled N losses



Comparing range and relative magnitude of risk 
scores
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Observed total nitrogen losses (kg N ha-1 yr-1)
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Quality assurance of the data

• Filtering out poor quality data 
(unfilled circles) left 94 data 
observations out of n=155 
total observations.

• Data filtered out where there 
was low confidence in N 
inputs, and where 
observations were recorded at 
an inappropriate scale (eg, 
catchment >10ha)

• Only mean observations were 
included, where there were 
multiple years of data

• Risk estimates were of similar 
magnitude to observations; 
however, the relationship does 
not hold statistical validity

• Estimates from runoff risk were 
3.7 v 19.6 for leaching risk (at 
the time of analysis, runoff in 
APSIM is being upgraded).



Assessing the performance of risk estimates
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Rank of observed total nitrogen losses
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• After filtering out poor 
data, all but one site 
under perennial 
horticulture fell within 
the 95% prediction 
interval for the 
relationship between 
the rank of risk of N-loss 
and the rank of 
observed N-loss



Testing caveats: N-loss for vegetables
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• Estimates of risk from vegetables were 
consistently under-estimated relative 
to observations; therefore, vegetables 
were not included in assessing the 
performance of risk estimates

• The regression fit is significant at the 
P<0.05 level (using ranked data).

NB: The cause of the underprediction will 
be checked by estimating leaching losses  
(APSIM) under pastoral and shallow-
rooting vegetables (when data are 
available) for the same area.



Testing caveats (cont.)
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15 lambs/ha Sep, 
17 calf cow/ha Jul

28 lambs/ha Sep
22-31 lambs/ha 
Sep, 17 calf 
cow/ha Jul/Aug

• Some annual arable cropping data were 
out of sync with risk scores

• Likely caused by observations generated 
for hydrological years (Sept-Aug), but 
risks are calculated on a calendar year

• Although the magnitude of losses are 
like risk when all years were averaged, 
these data suggest that the risk index 
should be calculated across multiple 
years to better align and capture month-
by-month variation in risk 



Testing sensitivity
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• Determined sensitivity of 
sources on risk scores by 
increasing or decreasing 
inputs by 50% for the 
filtered observed data

• Not representative of all 
farms across NZ, but gives 
an idea for a range of land 
uses 



Upgrades (considered for future phases)

• APSIM transport factors for vegetables.

• Incorporate input for multiple years.

• Cropping system representation.

• Variable monthly crop N uptake.

• Soil erosion estimates under different stocking rates (Donovan et 
al., 2022).

• New mitigation and modifiers (flood irrigation, artificial drainage, poor 
irrigation scheduling

*this is not an exhaustive list and further upgrades may be considered
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Assumptions 



Assumptions - general

• N-loss risks are relevant for nitrate for leaching & nitrate and non-nitrate 
forms for runoff

• Irrigation: 
• decrease risk of leaching and runoff at baseline (due to plants being able to grow without water 

stress, removing N from the soil for plant development)

• efficient, well-scheduled & well-maintained central pivot

• leads to intensification of farming systems (captured by higher fertilizer inputs/stock numbers than 
dry land)

• Slope is accounted for by estimating soil erosion losses (observations for sediment loss were 

obtained from the literature)

• these were used to generate mean observed sediment losses for land use and 
slope classes (flat, rolling, easy and steep corresponding to <7, 7-15, 15.01-25, 
>25, respectively)

• RIT uses APSIM runoff output from flat land. Initial testing of empirical 
evidence for slope correction of curve numbers showed no improvement for 
NZ conditions (additional testing is being conducted).
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Assumptions – leaching & runoff

Leaching

• S-map’s soil properties are suitable

• APSIM water, carbon and nitrogen processes are adequate

• Nitrogen applied to ryegrass/white clover pasture is a reasonable proxy of risk in a 
general sense (although testing against rotations (horticultural/arable) is still required)

• Risk increases linearly with the amount of N applied to the soil

Runoff

• Curve number approach to calculate runoff is reasonable for a simple risk index (approach 

selected as it was consistent with the input data available)

• Modifications for N-source availability as inputs for runoff risk vary according to month 
and type of source

29



Limitations



Limitations

• Cannot be used for allocation / accounting purposes (RIT does not quantify kg N/ha/yr)

• Data gaps
• For S-map gaps, S-map proxies from FSL data are used (there may be inequities for land 

governed under Te Ture Whenua Māori Act 1993)

• VCSN grid has small coastal gaps

• No coverage for Rēkohu Wharekauri (Chatham Islands)

• Unable to conduct sensitivity testing for vegetable systems due to lack of 
available data

• Limited to 1-year of data inputs (challenges for crop rotations)
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Limitations (cont.)

• Risk score aggregation method could overly discount a very high-risk area from 
a small fraction of a farm area

• Nitrogen movement between blocks is not considered in risk calculations

• Users cannot upload to overwrite baseline (e.g., soil and climate) data

• Does not consider sensitivity of receiving environments

• The RIT is designed to evolve to ensure it uses the best data and knowledge 
available at the time. Improving the RIT could change risk scores.

** further limitations outlined in the RIT Implementation Guidance
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RIT output



Risk assessment output

• Unbounded, unitless:
• Baseline and overall N-loss risk scores for each user-defined block 

• Overall N-loss risk score for the farm 

• For each block
• Selected mitigations / modifiers

• Dominant soil type

• Mean rainfall

• The RIT will not categorise outputs as low / med / high
• Council analysis will be needed to determine what the scores mean in 

their catchment contexts and what level of risk is acceptable
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Contact If you have any queries, please email: 
riskindextool@mfe.govt.nz
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