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1.

Executive summary

With an increasing use of the nutrient budgeting model OVERSEER® Nutrient Budgets
(OVERSEER) by a wide range of stakeholders, it is increasingly being scrutinised with
respect to the underpinning science, maintenance and future development. In response,
AgResearch has initiated several projects to focus on identifying research needs and
undertaking science reviews of OVERSEER submodels. One of these is a review of the
submodel to estimate phosphorus (P) losses from blocks within a farm and overall farm
losses.

The aim of this review is to describe how P loss is currently modelled in

OVERSEER, and also identify potential gaps and opportunities which may need to be
addressed in order to improve P loss modelling for the range of agricultural systems.

The core of the P loss submodel was developed and integrated into OVERSEER a decade
ago. It accounted for most combinations of background and incidental P loss for pastoral
agricultural systems. However, given its pastoral focus, some systems were not included,
essentially due to a lack of data at the time of the submodel’s development. Since then,
new research has been undertaken on P loss from agricultural systems, and along with
the addition and changes to other submodels in OVERSEER which directly affect P loss,
some of these have been integrated into the P loss submodel.

Despite these periodic updates of the P loss submodel, there are still agricultural systems
that are not adequately modelled and some individual components of farm systems that
could be considered for inclusion or updated in OVERSEER to improve P loss estimates.
Some opportunities and recommendations include:


Opportunity for the standardisation of the estimation of P loss via runoff and
separate reporting of P losses via different pathways (including an estimate of the
risk of loss to groundwater).



Consideration of new features in OVERSEER should be evaluated including
different irrigation timing, estimation of P removal in wetlands, and for the model
to increase its spatial and temporal capability.



It is clear that there is still a requirement for more P loss data for some agricultural
systems such as arable cropping, cut and carry, and fodder crop to allow
calibration of the P loss submodel and validation of the approach taken for
modelling these systems.



A re-calibration is recommended between P loss from farm system components
modelled by OVERSEER with measured component loss to establish how well P
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loss is currently being modelled. This should only be undertaken after any agreed
changes to the P loss submodel in OVERSEER have been completed.


Finally, it is recommended that a sensitivity and uncertainty analysis is conducted
once the submodel has been updated. In particular, it is recommended that focus
is placed on the uncertainty associated with input data so that additional work,
such as upgraded data sources or the Best Practice data input standards can also
be undertaken.
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2.

Background

Diffuse losses of phosphorus (P) from agricultural land are increasingly being recognised
worldwide as a major cause of surface water degradation (Carpenter et al. 1998;
Svanbäck et al. 2013). In New Zealand for instance, surface water quality data collected
from 35 major river systems between 1989 and 2009 indicated increasing P
concentrations (Ballantine and Davies Colley 2014), with some sites exceeding national
water quality trigger values. While in agronomic terms these diffuse P losses are typically
small (i.e. < 1 kg ha-1 yr-1) compared to what is applied to land from fertiliser, low
concentrations of P in waterways can, in some instances, negatively affect aquatic
ecosystems. For instance, in waterways where primary production is P-limited, increasing
P supply to concentrations in the low parts per billion can lead to eutrophication and the
proliferation of undesirable biological growths such as algae and macrophytes (Biggs
2000).

As a result of water quality issues related to nutrient enrichment, increasingly tools such
as OVERSEER® Nutrient Budgets (OVERSEER) are being used by consultants and
policy makers to estimate the likely effects of farm management practices on off-farm
losses of nutrients, for nutrient allocation, and decisions in policy relating to nutrient
management. However, because of the importance of OVERSEER in estimating nutrient
losses, questions are increasingly being asked by stakeholders about the underpinning
science, maintenance and future development of the model. In response, AgResearch
has initiated several projects identifying research needs and undertaking science reviews
of the OVERSEER submodels. One of these is a review of the submodel to estimate P
losses from blocks within a farm and overall farm losses.

The core of the P loss submodel in OVERSEER is based on the work of McDowell et al.
(2005a) which estimates P losses due to runoff up to second order streams from a grazedpastoral system. Here, run-off includes the combined losses from surface [viz. surface
runoff] and sub-surface [viz. leaching] flows, but excludes deep drainage to groundwater
and mass movement. Since the development and integration of the P loss submodel into
OVERSEER a decade ago, it has been intermittently updated as new science has become
available (e.g. grassland deer; McDowell et al. 2008). However, it is recognised that there
is likely additional new science that could potentially be incorporated to improve the P loss
submodel. Furthermore, there have been upgrades to other submodels in OVERSEER
(e.g. hydrology; effluent) that impact on how P is modelled and losses estimated.
Moreover, earlier versions of OVERSEER used an annual time step for input of some
variables e.g. irrigation, fertiliser and effluent. A key change to OVERSEER version 6 was
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the ability of these variables to be entered or calculated on a monthly basis. With respect
to P, this allows a better representation of the effects of a management practice on P
movement in an agricultural system, including the effects of methods of mitigation which
may have a temporal component e.g. timing of fertiliser or effluent application on P loss.

The aims of this study were to therefore update the review undertaken by McDowell et al.
(2011) on how OVERSEER currently models P losses, and identify potential gaps and
opportunities which may need to be addressed to improve P loss modelling for different
farm systems. The review is split into three sections.
i.

Description of sources of P loss;

ii.

Description of the P loss submodel in OVERSEER;

iii.

Gaps and recommended changes to the current modelling approach.
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3.

Sources of P loss

OVERSEER contains a submodel to predict P losses from blocks within a farm and the
overall farm P losses. The output includes estimates of dissolved or filtered reactive P
(FRP) and total P (TP) in runoff, including both surface and subsurface flows, although
currently the output in OVERSEER is a combination of both P pathways reported as TP.
In simple terms, P losses from all agricultural systems can be quantified as the interaction
of P sources and transport pathways, modified by management. This section identifies
the key sources and potential contribution of sources important for P loss in agricultural
systems, including those important to the P loss submodel in OVERSEER.

3.1 Soil losses
Soils supply plants with P but are also often the main source of P loss to surface water
bodies. Soil P loss is separated arbitrarily into either dissolved (also called filtered or
soluble) or particulate P. Dissolved P is generally defined as inorganic and organic P that
passes through a 0.45 μm filter, and the fraction greater than 0.45 μm is particulate P.
The amount of dissolved P loss depends on how much P is in soil (e.g. Olsen P) and the
ability of a soil to retain P (e.g. anion storage capacity) (McDowell and Condron 2004). In
comparison, losses of particulate P reflect detachment of soil by erosion processes and
can be significant when there is soil disturbance such as cultivation.

3.2 Fertiliser
Fertiliser is applied to soils to replenish plant available P. However, after application it
takes time for fertiliser to dissolve into the soil solution and be sorbed onto soil surfaces.
The potential for P loss from fertiliser is therefore greatest straight after application and
declines exponentially with time as P from fertiliser is sorbed from soil solution onto the
soil. Overall, the potential for P loss will depend on the rate of P fertiliser application, but
also the form and solubility of P fertiliser (McDowell et al. 2003a).

3.3 Farm dairy effluent
Phosphorus losses from farm dairy effluent (FDE) to water occur either via direct pond
discharge or from surface and subsurface flow of effluent applied to land.

Pond

discharges are generally a greater source of P loss to waterways compared to land
applications, which generally retain P due to greater contact and sorption with the soil
(Houlbrooke et al. 2004). Nevertheless, the risk of P loss via land application can still be
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high on those soils with a propensity for preferential flow, rapid drainage via artificial
drainage or coarse structure, surface runoff via an infiltration or drainage impediment or
where FDE is applied to sloping land. Therefore, strategies such as deferred irrigation
which involve storing FDE in ponds when soil moisture is close to or at field capacity,
along with applying low rates to land has been proven to be effective at decreasing FDE
P losses (Houlbrooke et al. 2004).

3.4 Plants
Plants can also act as a source of P, from grazing animals tearing forage and exposing P
present in cell vacuoles. McDowell et al. (2007) for example estimated that this source
could account for on average 20% of the P lost from a paddock grazed by dairy cattle.
Another plant source is the breakdown of plant residues left on topsoil i.e. un-utilised
forage. The potential of this source of P loss will depend however on the P concentration
of the plant material, how frequently the forage is grazed or how long a paddock remains
with plant residues.

3.5 Dung
In grazed pasture systems, the quantity of dung (and therefore P) returned to the soil
varies with animal type and diet. And like for fertilisers, the potential for P loss from dung
is greatest straight after deposition, but losses declines exponentially with time as it crusts
over, preventing interaction with surface runoff, as invertebrates incorporate it into the soil
or the dung decomposes. When climate, soil and overland flow conditions were held
constant, (McDowell 2006a) showed potential rates of P loss from dung deposition were
highest for cattle, followed by sheep and deer.

3.6 Infrastructure
A range of different farm infrastructure can be important sources of P loss on farm i.e.
lanes, races, holding pens, feed pads and other areas where animals spend time and
deposit excreta. For example, tracks and lanes can produce disproportionately large
losses of P compared to paddocks due to dung deposition, treading, and decreased
infiltration (Lucci et al. 2010). However, the magnitude of P loss will depend on how
frequently tracks and lanes are used and obviously if there is connectivity to a water body.
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3.7 Direct stock access to streams
Livestock access to streams can damage the stream bank resulting in erosion of soil and
provide a source of particulate P loss. McDowell and Wilcock (2007) for example found
that a major source of sediment and associated P in winter and spring was from stream
bank erosion in a New Zealand dairy catchment. In addition, access allows for the direct
deposition of P contained in excreta into waterways (McDowell 2006a). A single cattle
dung pat can contain up to 2 kg of TP (McDowell and Stewart 2005). Stream crossings
can also be a source which direct deposition of dung containing P (section 3.5; 4.5.2)

3.8 Storm events
Storm events can result in large losses of P, in particular particulate P in sediment from
stream bank erosion or mass flow events (e.g. landslides, earthflows). However, these
events tend to be localised and spasmodic in frequency.

3.9 Irrigation events
Irrigation events, specifically over-irrigation can result in surface and subsurface runoff.
For example, surface runoff is likely when rolling country is irrigated at an application
intensity that exceeds the soil infiltration rate or soil water storage capacity (INZ 2014).
Depending on landuse, it is expected that both surface and subsurface runoff would
contain some P.

3.10 Natural P
In some catchments, there appears to be naturally high P levels, either from volcanic
emissions or from the underlying geology (e.g. apatite or calcareous minerals with P
inclusions). These can be important for river or lake systems, but are not something that
is necessarily related to a farming activity. For example, Lake Taupo is enriched with P,
relative to N, due to the weathering of P from the hydroxyapatite containing mineral
ignimbrite (Timperley 1983). Natural concentrations of P in streams and rivers can be
calculated from McDowell et al. (2013).
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3.11 Management factors
3.11.1

Daily management

Daily management can affect P loss, particularly for fertiliser and effluent applications to
soil (section 3.2 and 3.3). The effect of poor management is difficult to quantify, as the
degree of poor management is typically based on subjective assessments that need to
be integrated up over time. As a consequence they are also difficult to model. Hence
daily management practices are normally covered by assuming that best management
practices are followed. If best management practices are not followed, then P loss is
expected to be higher.

3.11.2

Treading by grazing animals

The prolonged grazing of animals on wet soils can lead to soil erosion and compaction.
Soil erosion can exacerbate the loss of P in particulate form. Soil compaction can affect
soil water flow pathways (e.g. decreased soil infiltration) resulting in infiltration-excess
overland flow or more commonly reduced soil water holding capacity, increasing the soils
susceptibility to saturation-excess overland flow (McDowell et al. 2003b). Heavy animals
such as cattle generally cause the most treading damage, but smaller animals can also
cause severe local effects (e.g. compaction by deer along fence lines) (McDowell 2008).

3.11.3

Erosion from fence line pacing and deer wallows

The occurrence of fence-line pacing and wallowing of deer have both been shown to
exacerbate P loss. Deer pace along fence lines when they are stressed, resulting in
reduction of pasture cover and soil compaction, both of which increase the potential for
surface runoff and the loss of sediment and associated particulate P. The action of deer
can also be considered as a source of P loss through their propensity to create wallows.
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4.

The P loss submodel in OVERSEER

4.1 History
Metherell et al. (1995) developed a decision support model for P fertiliser requirements
for grazed pastures, based on a pool of plant available (labile) P that cycled through the
soil-plant-animal system. The labile pool, (estimated by Olsen P) increased in size as a
result of fertiliser inputs and weathering of soil parent material. Losses occurred through
P removed in animal products, by transfer of excretal P to non-productive areas of
pasture, and from soils through sorption, immobilisation, and leaching. Phosphorus loss
to water was incorporated into a single loss factor, which was adequate for fertiliser
requirement models as the amount of P lost to water is generally agronomical not
significant. However, by the early 2000’s it was being recognised that the mechanisms
of P loss from soils were more complex than those captured by the decision support tool,
with factors such as rainfall, topography and fertiliser management all influencing the
amount of P lost from soils (McDowell et al. 2003c). Furthermore, with the development
of OVERSEER and its increasing use as a tool to assess environmental performance of
agricultural systems, the original P loss component of the agronomic model needed
improvement.

In response, a model that estimated P loss from pastoral farming systems via runoff to
surface water was developed by McDowell et al. (2005a) for incorporation into
OVERSEER, with the leaching/runoff component removed from the Metherell et al. (1995)
model. Runoff was defined by McDowell et al. (2005a) as being either surface flow,
interflow or subsurface flow (inclusive of leaching that is not partitioned to deep drainage
to groundwater) up to second order streams (a measure of stream size is defined by the
extent of branching in its drainage system e.g. a first-order stream has no tributaries, while
a second-order stream has at least two first-order tributaries).

The model separates sources of P losses into two types i) background (soil) losses and
ii) incidental (fertiliser and effluent) losses (Figure 1).
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Figure 1. Conceptual diagram of model structure.

4.2 General scope
The P risk model of McDowell et al. (2005a) is a calibrated risk model that estimates
average P loss in runoff from a block of land to a second order stream. Runoff and second
order streams are defined in the previous section. The P loss in runoff includes both
dissolved and particulate P. The model doesn’t identify where the loss is coming from in
that block, hence critical source areas (CSA) are not identified. However CSA’s are
included as the model was calibrated against catchment studies where losses from CSA’s
would have occurred. The model also doesn’t specify where the second order stream is
– it may be in the block, on another block or on other farm(s). This allows this model to
be applied to catchment studies. However, the model will overestimate P loss if a
significant portion of the block is hydrological isolated from a second order stream.
The calibration process (McDowell et al., 2005a) indicates that the model is a good fit.
McDowell et al. (2015b) undertook a sensitivity for the P loss model being used in a spatial
context, using a 1-ha block and removing the spatial functions. The core algorithms are
similar to those in OVERSEER and hence the output could be used as a surrogate for
OVERSEER. The conclusion from this study was that the model was most sensitive to

hydrological variables, followed by soil characteristics, and then type and rate of
P applied. Several inputs with high sensitivity were also enterprise specific. This
analysis, and practical experience, indicates that the biggest impact on accuracy of
outputs is probably the block set-up used for the farm. As the processes for N and P loss
are different, consideration should be given to way blocks are set up.
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The P loss model does not include losses associated with mass flow, storm events or
natural P sources. Apart from deer, the model does not include the possible effect of
treading damage on P loss. The model does include estimates of P loss from farm
structures (section 4.6).

4.3 Background (soil) P loss
Background or soil P losses arise from P that has had an opportunity to react with the soil
and is lost in flow events that may occur throughout the year. It is estimated as the sum
of TP losses from the soil, as influenced by different transport and management factors.

4.3.1

Soil P loss

In general, TP loss (kg P yr-1) from pastures is estimated as the sum of dissolved and
particulate P from overland flow to second order streams. The factors affecting transport
of P from the landscape to streams including rainfall, overland flow potential and
topography.

The concentration of dissolved P (i.e. DRP) in an overland flow event, from pastoral soils
without recent grazing activity, is estimated from Olsen P and P retention (also called
anion storage capacity or ASC (McDowell and Condron 2004).

Equation 1: DRP = 0.024 (Olsen P/PR) + 0.024

Note that the constants 0.024 have been changed to 0.022 with the inclusion of an
additional 8 soils to the model (McDowell pers com. 2007). Work is on-going to account
for Organic and more Podzol soils, and hence further changes may occur.

Olsen P is on a mass basis, whereas generally Olsen P measured in commercial New
Zealand laboratories is volumetric based.

Olsen P is therefore converted from a

volumetric to a mass value as described in the Characteristics of Soils chapter of the
Technical Manual (Wheeler and Selbie 2014).

Rainfall is an important factor affecting P loss to streams, in particular when precipitation
(rainfall plus irrigation) exceeds the soil infiltration rate and overland flow results.
Generally, for flow i.e. drainage or drainage + runoff (surface and subsurface) to occur a
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surplus of precipitation (i.e. more rainfall and irrigation than AET) must exist.

The

exception is for infiltration-excess overland flow, especially on hydrophobic soils, which
may occur in some areas during summer (Doerr et al. 2003). Surplus rainfall is normalised
within the model using the quotient of rainfall for the site of interest (mm, including
irrigation) and mean national potential evapotranspiration of 680 mm yr-1 (New Zealand
Soil Bureau 1968). A mean value of potential evapotranspiration is used since the overall
range (540 to 740 mm) varies little across the country relative to rainfall inputs.

The potential for runoff to occur is defined by the hydrological class and is estimated from
the product of the soil drainage class and a slaking/dispersion index. The soil drainage
class is based on the USDA curve number method for determining soil hydrologic class
and uses five soil textural classes (Table 1). Soils with a coarse texture will have less
potential for saturation (low drainage class) than fine textured soils, not accounting for
their position in the landscape. The slaking/dispersion index is based on soil order and
takes into account the potential for soil damage to influence soil hydrology (Table 1). The
derivation of soil based properties is described in more detail in the Characteristics of
Soils chapter of the Technical Manual (Wheeler and Selbie 2014).

Table 1. Hydrologic class for overland flow, calculated as the product of soil texture,
based on USDA curve number method for soil hydrological class, and the mean of the
dispersion and slaking indices (values for dispersion and slaking indices taken from Hewitt
and Shepherd 1997).
Soil texture

Mean slaking/dispersion
index

0.2

Sand, loamy
sand

0.2

Oxidic, Allophanic,
Brown, Melanic

0.4

Sandy loam,
Loam

0.4

Granular, Gley, Pumice

x

0.6

Silt loam, Sandy
clay loam

0.6

Recent, Pallic

0.8

Clay loam, Silty
clay loam, Sandy
clay

0.8

Ultic, Semi-arid,
Organic
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1.0

Silty clay, Clay

1.0

Organic, Podzol

Total P loss also incorporates factors that relate to the loss of P in particulate form, largely
from soil erosion, along with the soil Olsen P status and topography. A modified structural
vulnerability model of Hewitt and Shepherd (1997) is used to estimate soil resistance to
physical degradation as a surrogate for inherent soil erosion potential, and is calculated
from P retention (PR), total organic carbon (OC) and clay percent (McDowell et al 2015a,
there is an error in the published formula).

Equation 2: SV = ([PR/100] + [OC/5] + [Clay/8.5] – 0.7]/2.3)

Topography is also one of the main drivers of P loss from soils and OVERSEER uses a
subjective weighting to separate slopes to either flat (0.15), rolling (0.5), easy (0.75) and
steep (1.0) (McDowell et al. 2005a).

In circumstances where soils have a high P status, a low P sorption capacity or when soils
have been saturated with P, and hydrological conditions are conducive to drainage from
soils, subsurface flows of P (i.e. leaching) have been shown to be important (McDowell et
al., 2015a). Several studies have measured P leaching losses from New Zealand soils.
For example, Toor et al. (2004) measured leachate from Lismore silt loam (Olsen P 53 µg
mL-1), after an application of 45 kg P

ha-1 (as superphosphate).

The average

concentration of P in leachate was 0.09 mg TP L-1, mostly in unreactive forms, which was
an average annual loss was 0.75 kg TP ha-1. In a recent field study, McDowell and
Monaghan (2014) measured FRP losses of 75, 1 and 7.8 kg ha-1 yr-1 yr in an Organic,
Podzol and intergrade soils respectively.

On sandy soils or soils with low available water content (AWC), the slaking/dispersion
index is adjusted to take account of the higher risk of P loss due to leaching. However,
the leaching component is currently not separated when reporting P loss OVERSEER.

4.3.2

Mole tile drains

Mole/tile drains provide a direct pathway for P enriched topsoil P to be lost directly to
streams. If artificial drainage (mole/tile or other system) is selected by the user, an
additional 0.3 kg P ha-1 y-1 is added to the background P loss based on P loss from
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mole/tile drains reported by Monaghan et al. (2003). OVERSEER assumes P loss from
mole/tile drains is lost direct to streams.

4.3.3

Deer wallows

McDowell and Stevens (2006) and McDowell (2007) indicated that losses from wallows
from deer ranged from 0.5 - 3.5 kg P ha-1 y-1 averaged over a block, and that wallows only
occurred on rolling, easy hill and steep country (not on flats). As result, a P loss value of
1 kg P ha-1 y-1 was added for deer farming systems taking place on land categorised as
‘non-flat’ topography (McDowell et al. 2008). This is added to the soil P loss component
for blocks with deer grazing on them, although the user has the option to indicate that
wallows have been hydrologically isolated from streams, a possible mitigation option.

Currently in OVERSEER, a P loss value of 1 kg P ha-1 y-1 applies to all topography classes.

4.3.4

Deer fence line pacing

Work by McDowell and Paton (2004), McDowell et al. (2004) and McDowell et al. (2006)
has quantified P loss from deer grazed paddocks and fence-lines. Because of the large
variation of Olsen P within deer-grazed paddocks due to faecal returns along fence-lines
(e.g. 53 mg kg-1 at fence-line compared to 30 mg kg-1 in rest of paddock), P losses were
calculated via sediment losses. Without any noticeable pacing, sediment loss from fencelines was 50% greater than losses from the rest of the paddock and double if fence-line
pacing was observed (McDowell and Paton 2004). In addition, they also found that P loss
was enhanced by the selective erosion of P-rich fine sediment over low-P coarse
sediment. The enrichment ratio (i.e. the P concentration of P in sediment within runoff
compared to the same weight of whole soil) is equal to 2 - 0.16 * ln (sediment discharge)
(Sharpley 1980). Normalised for a runoff event of 100 mm and an enrichment ratio of
1.76, P loss is approximately four times that of the rest of the paddock. Typically, fenceline pacing covers about 2% of the paddock. Therefore, an increase in P loss was
modelled as base P loss × 0.98 + base P loss × 4 × 0.02, where base P loss is calculated
as per normal for paddocks within OVERSEER (McDowell et al. 2008).

4.4 Incidental P loss
Incidental P losses occur in situations where a concentrated source of available P, i.e.
fertiliser and/or FDE application and a flow event coincide, leading to short-term P losses.
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Incidental P losses are calculated separately to background losses, but rely on the same
transport factors, along with additional management factors such as the concentration,
rate and timing of fertiliser/effluent application, the type of P fertiliser applied, and the
speed of effluent application.

4.4.1

High risk months

The timing of fertiliser or effluent P application to soil can influence P loss, mainly because
of the effect soil moisture can have on the propensity for the generation of runoff. To
account for this a ranking has been generated for the probability of an overland flow event
to occur for each region and month of the year. A month is deemed as high risk for runoff
when the potential for saturation excess is greater than 60% (McDowell et al. 2005a)
(Table 2).
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Table 2. Regional risk months for runoff (1 = yes, 0 = no) (derived from New Zealand Meteorological Service 1989)
Region
Met. Station
Jan
Feb
Mar
Northland
Kaikohe
0
0
1
Auckland
Auckland Airport
0
0
0
Waikato/Coromandel
Ruakura
0
0
0
Bay of Plenty
Whakarewarewa
0
0
0
Central Plateau
Taupo
0
0
0
King Country
Rukuhia
0
0
0
Taranaki
Stratford
0
0
0
Manawatu/Wanganui
Grasslands
0
0
0
Wellington
Kelburn
0
0
0
East Coast North Island
Gisborne Airport
0
0
0
East Coast North Island1 Gisborne Airport
0
1
1
West Coast South Island Hokitika Airport
1
1
1
Nelson
Nelson Airport
0
0
0
Marlborough
Lake Grassmere
0
0
0
Canterbury
Lincoln
0
0
0
Otago
Dunedin Airport
0
0
0
Southland
Gore
0
0
0
High Country2
Hermitage, Mt Cook
1
1
1
High Country3
Omarama
0
0
0
1 If rainfall is less than 1000mm and topography is not flat, then high risk

Apr
May
Jun
1
1
1
0
0
1
0
1
1
1
1
1
0
0
1
0
1
1
1
1
1
0
0
1
0
1
1
0
1
1
0
1
1
1
1
1
0
1
1
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
0
0
0
is allocated to February

Jul
Aug
Sep
Oct
1
1
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
0
1
1
1
0
1
1
1
0
1
1
1
1
1
1
1
1
0
0
0
0
1
1
0
0
0
1
0
0
1
1
1
0
1
1
1
1
0
0
0
0
and March in this region due to

Nov
Dec
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
1
1
0
0
the presence of

hydrophobic soils and likely infiltration-excess overland flow during a storm event (A. Gillingham pers. com.).
2

High country (> 300m), high rainfall (> 700mm)

3

High country (> 300m), low rainfall (< 700mm)
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4.4.2

Fertiliser

The primary factors in determining P loss from recent applications of fertiliser are the P
concentration, rate of application and the type of fertiliser applied, and hydrologic and
topographic factors. Fertiliser inputs are recorded as monthly inputs as described in the
Characteristics of Fertiliser chapter of the Technical Manual (Wheeler and Watkins 2014).
Consequently, application rates (kg P ha-1 year-1) are multiplied by hydrologic and
topographic factors to give incidental fertiliser P as described previously for background
losses i.e. runoff propensity, topography, and amount of dissolved P.

Furthermore, adjustment of fertiliser P losses are made on the basis of blocks receiving
soluble or low solubility fertiliser, receiving border dyke irrigation, or fertiliser application
in either high or low risk months for surface runoff.

Loss from fertiliser can also occur due to poor application techniques e.g. direct deposition
of P into streams or uneven application. Because this behaviour is difficult to model,
OVERSEER assumes that best or good management practices as outlined in
SpreadMark are adhered to.

4.4.3

Effluent

The effluent submodel provides users with the flexibility to input data that describes most
effluent systems currently found on farms and allows better representation of different
effluent depths and applications rates as well as enabling a monthly time step (Wheeler
et al. 2012).

Effluent management has been split into two components i.e. the management system
and application inputs. The management system defines the physical structure (i.e. 2pond systems with discharge to a waterway; sumps or holding pond) the material that
ends up in the effluent system (excreta, waste fed, bedding from pad systems), and
application frequencies (e.g. regularly, regularly plus stir and infrequent). Feed pads by
definition are connected to the farm dairy and effluent is managed in the same way as
farm dairy effluent.

Wintering pad/animal shelter effluent options can be managed

separately using the same options as farm dairy effluent, or can be added to the farm
dairy effluent management system.
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The effluent management system also determines the separation of effluent into liquid
and solid components, using the ratios supplied by Luo and Longhurst (2008). Solid
effluent is the fraction of effluent that settles in ponds, or is separated using the solid
separation option. Currently, the proportion of P that ends up in the solid fraction is 95%
for solid separation, 30% for pond sludge for regular applications, 70% for pond sludge
for infrequent applications and 80% for bedding materials.

For liquid effluent application, inputs include the source of the effluent (e.g. dairy, wintering
pad, feed pad etc), method of application (low rate, travelling irrigator (3 rates)) and active
management status. Applying effluent too fast and on wet soils may lead to bypass flow
and significant P loss especially if mole-pipe drains are present (Monaghan and Smith
2004). This is incorporated into the model via a weighting for three ground-speed settings
on a typical effluent spray irrigator, and a factor giving the number of high-risk months
when effluent is being spread. Note that this does not cover the effect of day-to-day
management. As this behaviour is difficult to model, OVERSEER assumes that best or
good management practices are followed.

The active management option implies that during effluent application, there is regular
checking of application equipment and the paddock surface to ensure there is no effluent
ponding, and that soil moisture is monitored to ensure that the application rate is less than
the soil’s capacity to hold water as defined in the OVERSEER best practice data input
standards. In addition, this option also implies the use of deferred effluent application
technology, and that there are no losses from the effluent storage system (Wheeler et al.
2012).

Deferred irrigation strategy management has proven effective at decreasing P losses
(Houlbrooke et al. 2004, Monaghan and Smith, 2004). For instance, research in the
Manawatu by Houlbrooke et al. (2008) found that 2 kg P ha-1 was lost in mole and pipe
drainage from a single, badly-managed irrigation under “standard” practice with wet soil
conditions, compared to P lost via deferred irrigation (<0.1 kg P ha-1), and for the
remainder of the year (0.65 kg P ha-1). The option to select the month effluent is applied
is available if the effluent management system is ‘Holding pond’ and ‘Liquid effluent
management’ is ‘Spray infrequently’. The model assumes that with ‘spray infrequently’
losses from effluent are minimised. The model also assumes that the period of storage
is sufficient to lead to settling of solids in the storage pond, and hence the amount of P
applied as spray is different from spray from sump effluent. This represents the situation
where effluent applications may be delayed according to weather and soil moisture
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conditions. If months are selected, then this represents deferred irrigation where effluent
is stored without application. The model assumes that adequate storage is available, and
there are no losses from the storage.

Incidental effluent P loss (kg ha-1 yr-1) relies in the same set of hydrologic and topographic
factors as incidental fertiliser P loss.

Furthermore, for liquid effluent P loss, adjustments are made on the basis of depth of
effluent application to soils (Table 3) and the method of effluent operation (Table 4).

For solid effluent applications, incidental P loss from effluent is assumed to be similar to
RPR. Further, if artificial drains are present, an estimate is made then the amount of P
loss that ends up in drains and hence goes direct to stream.

Table 3. Block depth per application and factor.

Input
Low application method
Irrigator - fast (< 12 mm)
Irrigator - medium (12-24 mm)
Irrigator - slow (> 24 mm)

Table 4. Liquid effluent management method factor.
Liquid effluent management
Spray regularly
Stir and spray regularly
Spray infrequently
Liquid exported
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4.4.4

Border dyke outwash

Border dyke outwash typically contains higher concentrations of P than the input irrigation
water. Phosphorus lost as border dyke outwash from a block (kg P ha-1 y-1) is estimated
as the outwash runoff (mm/year, see Hydrology chapter of the Technical Manual) and a
concentration of 2.1 mg P ml-1. Note that outwash from one block can be reused in
another block.

4.5 Model testing and application
In the original model testing (McDowell et al. 2005a), data were collated for annual P
losses from 23 studies in New Zealand pastoral systems i.e. sheep (8), beef (1) and
dairying (14), ranging from small trial plots (< 1ha) to catchments (1500 ha) (McDowell et
al. 2005a). A good relationship (R2 = 0.96) was observed between measured and
estimated (soil + incidental) TP losses for all pastoral systems (Figure 2).

Figure 2. Relationship between estimated overall P loss and measured annual P loss for field
studies with (filled symbols) and without (open symbols) much incidental P loss (McDowell et
al. 2005a).

Research into P loss from deer systems (section 4.2.3; 4.2.4) enabled incorporation of
additional data into OVERSEER, which can predict P losses in farmed areas from 6 – 290
ha in Otago and Southland (McDowell et al. 2008). However, one notable exception was
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the inability (i.e. outside 95% confidence intervals) to predict losses from a deer-grazed
winter forage crop in Southland (Figure 3).

Southland DFF
Southland DFF, Winter forage crop
Otago DFF
Telford
Invermay

4

(R)

Load Predicted by Overseer (kg /ha/yr)

5

3

2

y = 0.82x - 0.17
R2 = 0.87
P < 0.05

1

0
0

1

2

3

Actual load (kg P/ha/yr)

Figure 3. Annual P loads lost (kg P ha-1) from deer-farmed catchment versus those predicted
(± 95% confidence intervals) by OVERSEER (McDowell et al. 2008).

4.6 Other P sources and assumptions in the submodel
4.6.1

Partitioning between urine and dung

OVERSEER estimates the amount of excreta P (P intake less product P removal) in dung
and urine for each animal enterprise on a monthly basis. Currently OVERSEER assumes
that all P ends up in dung.

4.6.2

Direct addition to streams

Several studies have investigated excreta deposition to streams. Bagshaw (2002) for
example investigated the factors influencing the direct deposition of cattle faecal material
in riparian zones at a New Zealand hill country site. It was estimated that for beef animals,
about 4% of excreta was directly deposited in streams, although the measurements were
made on steep slopes, and probably overestimated typical transfer rates of excreta to
streams. In New York State, over an eight month period, James et al. (2007) showed that
fencing to keep animals out of streams decreased in-stream faecal deposition of P by
30%.
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Best management practices indicate that streams should be fenced, although on easy hill
and steep topography, many small ephemeral streams cannot be fenced easily. The
presence of fenced off streams can be selected for a block in OVERSEER. Therefore,
the transfer is split into base loss, representing loss into small ephemeral streams, and a
loss if the blocks are not fenced. A base conservative estimate of total loss is used given
0.017 and 0.026 for beef animals on easy hill and steep hill topography respectively.

For dairy and beef animals, direct deposition of excreta into waterways is estimated from
topography categories. Losses are split into two categories: 1) losses which occur via
ephemeral waterways and some streams despite fencing (base losses); and 2) losses
that can be mitigated-against by fencing. Base losses are 0, 0, 0.005, 0.01 kg kg-1 of total
excreta dung P from dairy, dairy replacement or beef animals on flat, rolling, hill and steep
topographies respectively. Without fencing an additional 0.01, 0.011, 0.012, 0.016 kg kg1

respectively is directly deposited into streams. For urine, it is assumed that the loss rate

is 1/3 that of dung.

4.6.3

Lanes

OVERSEER assumes that 30% of the P added to lanes is lost from the farm. The other
70% of P deposited on lanes was expected to remain on the lane or to be returned to the
adjacent paddocks (Wheeler, AgResearch, pers. com.).

4.6.4

Silage stacks

OVERSEER assumes that 10% of any storage loss from a silage stack ends up as runoff
losses. The storage loss depends on the storage conditions (Wheeler, AgResearch, pers.
com.).

4.6.5

Pads

OVERSEER assumes that there are no direct P losses associated with feed pads, or
wintering pads, barns or animal shelters.

However, P loss can occur from effluent

collected from these structures. OVERSEER also assumes that there is no P loss from
effluent compost heaps, or feed storage systems.
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4.6.6

Septic tank discharges

Septic tank discharges are calculated as reported by Wheeler et al. (2010), which takes
into account rainfall and a factor to account for the ability of the soil to sorb P.

4.7 P loss from other blocks and systems
4.7.1

Arable and vegetable cropping systems

This report was unable to source any experimental data available for losses of P from
arable cropping systems in New Zealand, although Rutherford et al. (1987) ‘estimated’
that particulate associated P losses from cultivated land could be up to 2 kg P ha-1yr-1.
The lack of studies is probably in recognition that compared to other land uses, arable
cropping isn’t widespread, and where it does occur it is in areas with a perceived low risk
of P loss i.e. relatively flat topography with low rainfall.

As a result of the lack of available data, the estimation of P losses in OVERSEER from
arable cropping systems currently uses the pastoral submodel, but excludes any grazingspecific components such as dung or effluent (uses background P loss component). Due
to the greater proportion of bare ground, a mean increase in P loss results that is
equivalent to double that of pastoral block losses. The doubling is based on a study that
compared ungrazed pasture with ungrazed and grazed winter forage crops (McDowell et
al. 2005b). The loss to drains is not doubled.

4.7.2

Cut and carry systems

Cut and carry systems were added to OVERSEER version 6, based on a previously
upgraded and validated crop model combined with a pasture growth module. A validation
of the drainage and N leaching components of the model concluded that the model
adequately represented N leaching and drainage in situations where paddocks are used
solely for growing pasture based supplements (Wheeler at al. 2010). It would appear that
a similar validation for P has not been undertaken.

The proportion of P associated with cut and carry systems can be attributed to that lost
from the soil and plant system without the influence of dung and treading by grazing
ruminants. Currently in OVERSEER, P losses from cut and carry blocks use the pastoral
P loss model, but soil (background) P losses are halved. This modifier is based on the
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findings of one study investigating relative P losses from pasture, soil, treading and dung
from a single grazing rotation on one soil type (McDowell et al. 2007).

4.7.3

Fruit crop blocks

Fruit crop blocks are treated the same as cut and carry blocks, that is, the pastoral P loss
model is used but soil (background) P losses are halved.

4.7.4

Wetlands and riparian submodel

4.7.4.1 P removal in grass filter strips
Grass filter strips are considered in some instances to be effective at decreasing P loss
from paddocks where there is overland flow (Syversen 2005). This is achieved by a
combination of settling of coarse particles (and entrained P), sorption of fine particles onto
vegetation and detritus, and infiltration and sorption of P into the soil matrix (Rutherford et
al. 2008). However, the main effect is simply due to fencing out stock from waterways.

It is recognised that the effectiveness of filter strips is dependent upon hydrological and
flow conditions along with the form of P in surface flow. For example, significant amounts
of particulate P can be removed from surface runoff if it is associated with large particles
with short settling times, but if P is moving with clay particles or colloids, then longer
settling times are considered necessary (Rutherford et al. 2008).

The filter strip model employed by Rutherford et al. (2008) was an extension of that
outlined by Newham et al. (2005) and relies on a combination of calculated values (e.g.
Manning’s equation for flow depth in the filter), and user inputs designed to account for
channelisation and ponding upslope of the strip. For particle size, the model assumes
that 75% of the total P load is delivered in the ≤ 1 μm fraction, which has a bulk density of
2.65 t m-3, yielding settling velocities of 0.055 and 2.8 m d-1 for ≤ 1 μm and 2-10 μm
fractions.

The riparian model within OVERSEER asks for details e.g. dimensions and amount of the
catchment runoff that is intercepted, to try and provide a best estimate of likely efficacy of
the riparian area, and is concerned only with the effects of a riparian strip in reducing
particulate-bound nutrients from reaching streams.
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Model calibration was against a small dataset of three studies (McKergow et al. 2007; M
Redding, AgResearch, pers. com. and Smith, 1989), who measured decreases in P loss
of 42-100%. Plots ranged from 3-13 m in width and decreases were commonly due to a
decrease in outflow compared to inflow (i.e. infiltration) – although no data is provided by
Smith (1989) on this. However, it was also noted by Redding (pers. com.) that DRP
increased by 150%.

Additional caveats such as channelisation also impair the

performance of strips. At present, use of the filter strip model in OVERSEER seldom
results in decreases > 10% (Wheeler, AgResearch, pers. com.). Although, this may be
due to the aforementioned caveats, it could also be due to narrow (< 1m wide) strips
commonly employed by those wishing to maximise grazing land.

4.7.4.2 P removal in wetlands and sediment traps
Rutherford et al. (2008) reported that P removal in natural wetlands is considered to be
small compared with filters. A value of 10% P removal by natural wetlands may be
appropriate, although the uncertainty in this estimate is high. OVERSEER currently
neglects P removal by natural wetlands. Furthermore, they also went onto conclude that
artificial wetlands may remove P as well as N. However, the percentage removals for P
are lower than for N and there is a very high variability. Consequently OVERSEER
currently does not estimate P removal from wetlands. Phosphorus removed by sediment
traps is also not included.

4.8 Reporting P losses
In OVERSEER, P losses are calculated for each block. P losses to water are reported
under the following categories:


Run-off (background and incidental P loss)



P loss through animals having direct access to streams and from drains



Direct discharge from ponds (2-pond systems)



P loss through system losses such as border dyke irrigation



Septic tank outflow



Other losses i.e. represent non-block losses to water from farm structures
such as raceways, yards, leaching or runoff from unlined pads and effluent
storage systems, and direct discharge to ponds from a 2-pond plus
discharge system
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In the Block P report, total P lost (kg P ha-1) and P lost (kg P ha-1 yr-1) is reported for each
block, along with the risk indices. The risk indices are based on the conditions shown in
Table 5. The block losses are aggregated using an area weighted average to a farm
estimated loss, and then farm scale losses are added in. Phosphorus loss from other
farm scale sources (lanes, pads) is shown as ‘Other sources’ in the block P report, and
under ‘Leaching other’ in the farm nutrient budget. The ‘Other sources’ component of P
losses was not corroborated as part of the study by McDowell et al. (2005a), e.g. Figure
2.

4.8.1

P risk categories

The risk indices are based on the conditions shown in Table 5. Note that losses from
drains are included in the risk category.

Table 5. Condition for each risk category.

4.8.2

Category

Soil

Fertiliser

Effluent

Low

< 0.7

≤ 0.1

≤ 0.1

Medium

< 1.4

≤ 0.25

≤ 0.25

High

< 3.0

≤0.5

≤ 0.5

Extreme

≤ 3.0

> 0.5

> 0.5

Flags

There was a debate about setting the upper limit for incidental P fertiliser loss. One option
was to set a maximum P loss to 25% of P fertiliser applied, because this is about the
maximum loss reported in the literature (at that time).

An alternative was using a

maximum loss of 80% of P fertiliser applied because it was considered that situations
could occur where P losses were greater than 25% of P applied; indeed McDowell and
Monaghan, 2014 reported a loss of 80% for a low ASC Organic soil. As a compromise, if
total P loss from soil, fertiliser, and effluent exceeded 0.2 kg P ha-1yr-1 then flags were
displayed as shown in Table 6.
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Table 6. Flags and conditions.

Condition

Message

FertPloss > 0.1 * totalPloss

Fertiliser P loss is greater than 10% of
total P loss - this is outside the range
of data available for New Zealand and
P loss data should be used with
caution

fertPloss > 1.5

Fertiliser P loss is greater than

1.5

kg P ha-1 - this is outside the range of
data available for New Zealand and P
loss data should be used with caution
fertPloss risk is high or extreme

Fertiliser P loss is high or extreme consider changing form or timing of
fertiliser applications

totalPLoss = soilPloss + fertPloss + effPloss, including loss to drains.
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5.

Gaps and recommendations

OVERSEER is a model that represents a wide range of farming systems across many
different environments i.e. soil types, climates etc. It is therefore not surprising that there
will be some components or agricultural systems in OVERSEER that are considered
better ‘developed’ than others. As discussed, the P loss submodel was developed and
integrated into OVERSEER a decade ago. While it has been intermittently updated as
new science has become available, it is recognised that some agricultural systems are
currently inadequately modelled, and that some individual components of systems could
be considered for inclusion or updated in OVERSEER to improve P loss estimates. This
section will highlight where data is insufficient and recommend areas of potential
improvement to the current modelling approach.

5.1 Data inputs
5.1.1

Soil properties

The following soil properties are largely based on soil order.


Drainage class



Dispersion index



Runoff propensity



Hydrological class



Anion storage capacity

These properties should be investigated to determine whether better site specific data can
be found. In particular, there may be options to include additional parameters in the
OVERSEER section of S-map factsheets that result in improved predictions. It would also
be useful to more clearly define the depths soil properties are based on. For example,
structural vulnerability (equation 7) is calculated from carbon and clay, presumably using
0 - 7.5 cm samples.
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5.2 Enhancements
5.2.1

Leaching P losses

Intensive land use activities are increasingly expanding on irrigated stony soils that are
recognised as having a high vulnerability to P leaching because of low ASC (Carrick et al.
2013). It therefore is recommended that P loss via subsurface flow is reported as a
separate P loss, as currently is combined with runoff losses.

It is recommended that recent measurements of P leaching losses are integrated into the
model and that P losses for leaching and surface runoff are reported separately. It is
recommended that the leaching component is integrated with aquifer characteristics to
indicate a risk of connectivity to groundwater and influencing stream baseflow (e.g.
McDowell et al. 2015a) where feasible.

These pathways have potentially different

mitigation strategies and identifying them separately allows for more specific mitigation
decisions to be modelled.

5.2.2

Irrigation

Runoff (and associated P loss) due to a specific irrigation application event are not
included in the annual estimate in OVERSEER. Increased runoff is reported to occur
when rolling country is irrigated. Increased runoff or drainage may also occur due to nonuniformity in application depths across a block, or over-irrigating.

Research could

therefore be undertaken to investigate the effect different irrigation system types and
management strategies have on surface and subsurface runoff, and hence on P loss in
surface and subsurface runoff.

5.2.3

Farm structures

Currently farm scale P losses from farm infrastructure i.e. laneways, feed pads, silage
stacks etc are currently reported cumulatively as ‘other sources’ in OVERSEER.
Phosphorus losses are also reported as ‘other leaching’ which by definition includes farm
structures such as feed pads. A review of these structures is required to identify whether
additional P loss should be included in the model, in particular, a review of P loss from
lanes should be undertaken to determine whether the current loss factor is reasonable.

In addition, the original calibration study (McDowell et al. 2005a) used experimental data
from a range of scales from small plot to catchment. It should be confirmed whether this
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calibration included farms structures such as laneways, and whether the estimated
amount of P loss from farm structures was relatively constant during the period the trials
were conducted and hence if there is sufficient data to validate and justify the separate
reporting of “Other sources”.

5.2.4

Standardising runoff estimation

As described (section 4.6.4), the hydrology submodel was originally designed to provide
input into the wetland and riparian strip model (Rutherford et al. 2008). It consists of two
submodels i.e. a soil water model and groundwater model (Figure 4), that uses a daily
time step to calculate total run-off i.e. surface runoff and subsurface flow (i.e. drainage
below the root zone) for most systems in OVERSEER.

Figure 4. Conceptual hydrology model showing surface water and ground water submodels,
where Q is flow (m3) (Wheeler and Rutherford 2015).

Within the hydrology submodel, surface runoff is estimated using the concept of an
infiltration threshold as described in the Hydrology chapter of the Technical Manual
(Wheeler and Rutherford 2015), using a daily time step. The infiltration threshold is
adjusted for hydrophobicity, soil wetness and a feedback if the soils become oversaturated. In the P loss submodel, surface runoff is based on annual surplus rain, the
hydrological class, and topography, and risk months (section 4.3.1). Surplus rain uses a
New Zealand average AET, whereas the hydrology submodel estimates a site specific
value. Both approaches offer advantages, although neither covers all conditions that can
lead to surface runoff (e.g. irrigation events or micro-topography channelling). One of the
advantages of the integration of the hydrology submodel is that total runoff is estimated
on a daily basis, and would address the view that currently P loss is not calculated at a
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temporal scale considered fine enough to target tactical mitigation strategies (section
5.3.3).

5.2.5

Minor enhancements

There are several areas where assumptions or omissions have been made in the P loss
submodel. These should be reviewed and enhancements undertaken where considered
necessary including:


The definition of a high risk month. Currently the definition is based on a range of
months for each region (Table 2). As we estimate runoff on a monthly basis, an
alternative would be to determine a high risk month as a month where runoff is >
0.



‘FertSoluble’, in the model, includes all non-RPR fertiliser. OVERSEER does
identify P form (superphosphate, DAP, MCP, rock) for use in the acidity model.
Can we or should we make more use of the P form data in the submodel.
McDowell and Catto (2005) suggest that is the case i.e. anything below a water
solubility of 10%.



OVERSEER does not include any risk from the application of organic or compost
inputs. Fundamentally, such inputs are of no less risk than other P inputs.



How other P fertiliser inputs are to be handled in OVERSEER e.g. irrigation P
(normally relatively low except for recycled border dyke water), dairy factory
wastewater.



The effect of animal treading on P loss beyond 5 cows/ha is currently not included.
There are two issues, an immediate impact which would probably need to be
covered by probability risk factor, and longer term issues due to compaction. They
should be considered alongside soil property data.



Phosphorus loss from dung is not considered separately. Given that animals can
be off blocks, then a monthly risk of P loss from dung could be considered.



For fence-line pacing, current data would suggest that sediment and P loss from
Pallic and Recent soils near fence-lines is 4 times that from the rest of the
paddock. However, Thorrold and Trolove (1996) showed sediment losses 4-5
greater than that for Pumice soils. McDowell (pers. com. 2007) suggested that
the addition of sediment and P loss from fence-lines be normalized according to
Recent and Pallic soils at 1, Ultic, Semi-Arid and Organic at 1.5 and Pumice and
Podzols at 4 times, while Granular and Gley are 0.75, and the remainder at 0.5.
This suggestion should be followed up.
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The need for a wider range of topography (terrain) descriptors to better estimate
slope effect on P loss, given the importance slope has on P loss.

5.3 New features
5.3.1

Sediment loss

Phosphorus loss from sediment as a result of soil erosion can be an important source of
P loss to water bodies in some circumstances. OVERSEER currently takes into account
sediment associated losses of P from some types of erosion i.e. sheet flow and some
gully erosion. However, it does not estimate P that is lost in sediment associated with
mass movement due to extreme events such as earthflows or landslides.

Given

OVERSEER is a nutrient budget model; it could be argued that it should be accounting
for nutrient loss such as P associated with sediment from other types of erosion.

There are a number of empirical erosion models developed for New Zealand that relate
suspended sediment yields to mean annual rainfall and an ‘erosion terrain’ classification
(i.e. Suspended Sediment Yield Estimator (Hicks et al. 2011); SPARROW (Elliot et al.
2008); NZeem (Dymond et al. 2010).

Indeed NZeem and OVERSEER were used

together by Parfitt et al. (2013) to estimate TP and DRP losses and their likely sources for
catchments across New Zealand. However, none of these models provide information on
the contribution of different processes to sediment yield. Given the wide range of erosion
processes that occur in the New Zealand landscape, an assessment of the contribution
of different erosion process would assist in effective targeting of erosion mitigation
strategies (Palmer et al. 2013). To address this limitation, a model (i.e. SedNet) has been
developed (Wilkinson et al. 2004) and is being further developed for application in New
Zealand (as SedNetNZ) by incorporating landslides, earthflows, large-scale gully erosion
and stream bank erosion into the model (De Rose and Basher 2011). SedNetNZ is a
spatially distributed, time-averaged model that routes sediment through the river network,
and could be used as a tool to inform P loss in sediment for most erosion processes that
occur in the New Zealand landscape. However, this would require OVERSEER to be
spatially explicit. An alternative could be to calibrate sediment derived P losses for a
range of terrain and management types. Although the utility of this exercise, beyond what
has already been done is questionable.
The proposal to include an integrated submodel into OVERSEER that could quantify how
effective soil conservation work was in reducing the erosion risk on farm has previously
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been discussed (MacKay, Agresearch, pers. com.). This may include the option for a
range of erosion mitigation measures to inform their effectiveness on mitigating P loss.

5.3.2

Spatial variability

Campbell et al. (2010) carried out a review of OVERSEER to identify what other
production systems could be incorporated in future versions of the model, along with other
submodels and datasets that could improve the performance of OVERSEER.

One

suggested change was an increase in OVERSEER’s spatial capability. This was because
of the view of users that it wasn’t operating at a scale that could accurately predict nutrient
losses and enable the user to see where and when their farm losses were occurring.

Increasingly it is being recognised that P loss from agricultural systems are highly variable
in both space and time. For example, McDowell and Srinivasan (2009), Lucci et al. (2012)
and others have demonstrated that in some catchments, the majority of P loss originates
from a small part of the catchment, where areas of high potential for supply of P (source)
and transport (e.g. surface runoff) overlap. These areas have been termed critical source
areas (CSAs). Gaining a better understanding of these CSAs across spatial and temporal
scales is clearly important in ensuring we apply mitigation to the right areas of a catchment
or farm to minimise P loss and impact on water quality.

Currently the way OVERSEER is used may not be the most effective method of capturing
CSAs and losses of P. This is because current guidelines for completing a nutrient budget
in OVERSEER (i.e. using blocks which are not geo-referenced) are set up to reflect the
farm operation and not necessarily the factors responsible for P loss per se (i.e. CSA’s).
As a consequence, it may be difficult for a user of OVERSEER to see where and when
on their farm P losses are occurring, with the exception being the ability to set up subblocks for some systems i.e. camp and non-camp areas in pastoral blocks, headlands
and uncultivated areas in a crop block and sward area in fruit block. There is, therefore,
a potential benefit to obtaining spatial P loss data to help manage P loss that accurately
captures the mechanisms involved and yields.

With OVERSEER now a web-based platform, a move to a more spatially explicit system
is possible, with the ability to incorporate different modules within a geographic information
system (GIS). For example a GIS layer would essentially be a module contributing
towards a different function such as hydrology or connectivity of contaminants with a
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waterway within a discrete area.

Indeed Ballance has used this approach when

developing MitAgator through its PGP research program. MitAgator is a map-based CSA
model that links with OVERSEER to identify and manage N, P, sediment and faecal
indicator bacteria loss hotspots within a farm property (McDowell et al. 2015b).
OVERSEER files and links with other spatial data layers, including a geo-referenced farm
and soil map and a digital elevation model that are used to produce a hydrological flow
model that describes risk of surface and subsurface flow across the landscape. It is
recommended that a potential link with MitAgator and how the same approach could be
intergraded into OVERSEER are investigated further.

5.3.3

Temporal variability

It is recognised that an annual time step may not be appropriate for estimating nutrient
loss processes. Recent changes to OVERSEER mean nutrient loads for N are now
calculated monthly. It is equally relevant to calculate P loss on at least monthly intervals
given the recognition that P loss varies in the landscape across time. This is desirable to
improve the ability to link OVERSEER to catchment scale models such as CLUES or
TRIM, as the effect of P on periphyton growth differs between seasons, with the potential
for growth greatest in summer/autumn (Biggs and Smith 2002).

5.4 Data gaps
5.4.1

Pastoral systems

While there is more P loss data for pastoral systems than many other agricultural systems,
there are still some recognised data gaps and a requirement for new data to allow a
recalibration of the P loss submodel. For example, there is little P loss data in the 2 to 8
kg ha-1 yr-1 range for pastoral systems. There are some major soil orders e.g. Organic,
Podzol and Pumice soils for which there is limited P loss data. There is a dearth of
information on the effects of some management practices e.g. irrigation, mole tile drains
on P loss from pastoral systems. Finally, as indicated earlier, P loss from farm structures
such as lanes, silage stacks, pads and under storage ponds is also limited.

5.4.2

Arable cropping blocks

As indicated (section 4.6.1), this report was unable to source any experimental data on P
losses from arable cropping systems for New Zealand. It is therefore difficult if not
impossible to determine how well OVERSEER is currently estimating P loss from arable
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cropping sites. Measured P loss data is therefore required from arable cropping systems
in New Zealand, and with time we can test and validate P loss from this system. As an
interim measure, although there is a lack of New Zealand P loss data for arable cropping
systems, it is recognised that there are similarities with systems in other parts of the world.
A useful first step could be to review the potential for overseas systems (in similar ecoregions) to estimate P loss compared to OVERSEER. Factors that could be considered
include the cultivation method, frequency of cropping, the type of crop grown, and, where
undertaken, the impact of timing of grazing.

5.4.3

Cut and carry blocks

As indicated in section 4.6.2, currently in OVERSEER, P losses from cut and carry blocks
use a modified version of the pastoral P loss model. This modification is based on the
findings of one study investigating relative P losses from pasture, soil, treading and dung
from a single grazing rotation on one soil type (McDowell et al. 2007). It is recommended
this approach is re-visited based any on any new data that now may be available.

5.4.4

Fodder (forage) crops blocks

Phosphorus losses from grazed forage crops have been identified as high relative to other
parts of the farm. For example, winter-grazed forage crop systems often occur at a very
high stocking density at periods when soil moisture is often near to or at field capacity
(Drewry and Paton 2005). These are conditions likely to promote losses of nutrients (P)
from soils. For example, McDowell (2006b) reported a P loss of 1.9 kg ha-1 yr-1 from winter
forage crops grazed by dairy heifers in South Otago, with P losses of 0.95 kg ha-1 yr-1 in
overland flow from cattle-grazed winter forage crop plots at a site in North Otago
(McDowell and Houlbrooke 2008). However, the current model used to quantify P loss
from fodder systems, relies on only a limited number of studies. It is recommended that
relevant New Zealand data is collated, that could better inform (calibrate) P loss for fodder
systems with respect to other soil types and topography.

5.5 Calibration study
As described in section 4.4, the initial P loss submodel in OVERSEER was based on a
calibration process using data for 23 grazed pasture sites (McDowell et al. 2005a). With
the exception of the inclusion of deer systems, no reported re-calibration has been
undertaken since: an unreported tally of measured versus modelled losses is updated as
data comes to hand (McDowell, AgResearch, and pers. com. 2015). It is recommended
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therefore, that a comparison of P loss from farm system components modelled by
OVERSEER with measured component loss be undertaken to establish how well P loss
is currently being modelled. This will involve first a literature review to identify studies in
New Zealand where P loss data has been reported for different agricultural systems, and
second the collection of the relevant data from those studies in order to create
OVERSEER files and/or comparison data. This would potentially reduce the uncertainty
in P loss values by increasing the calibration range and ‘filling in the gaps’ which are
apparent in the current calibration. However, before a re-calibration is undertaken, any
agreed changes as to how P loss is currently calculated in OVERSEER i.e. monthly time
step for calculation, runoff linked to the hydrology sub-model, updated irrigation model,
etc, would need to be completed.

5.6 Uncertainty analysis
It is well recognised that OVERSEER is a mathematical model of complex biological
systems in a dynamic environment. As a result it must involve some simplification and
assumption of processes, and therefore any estimation or predictions from OVERSEER
will always contain some degree of uncertainty.

A discussion of the extent of this

uncertainty and its applicability to OVERSEER has recently been published (Shepherd et
al. 2013). Uncertainty in the context of a model such as OVERSEER was defined as a
potential limitation in some part of the modelling process that is a result of incomplete
knowledge (Shepherd et al. 2013). Given the number of assumptions involved in the
OVERSEER there will always be a level of uncertainty about the estimate of nutrient
losses. Similar to errors, there are multiple sources of uncertainty, including:



Uncertainty in the input data



Uncertainty in estimates of parameter values



Uncertainty in commensurability of modelled and observed variables and
parameters



Uncertainty in the observations used to calibrate or evaluate models



Epistemic uncertainty (due to the unknown “unknowns”)

Uncertainty studies can be developed to consider different combinations of the above. It
is recommended that an updated sensitivity and uncertainty analysis is conducted once
the submodel has been updated. In particular, it is recommended that the focus be on
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the uncertainty associated with input data so that additional work, such as upgraded data
sources or the Best Practice data input standards can also be undertaken.

6.

Summary

The P loss submodel was developed and integrated into OVERSEER about a decade
ago. While it has been updated periodically as new data or individual components of farm
systems have become available, this review suggests there are a number of potential data
requirements and changes which could be implemented into OVERSEER that could
improve estimates of P loss from agricultural systems, as follows:



There is clearly a requirement for more P loss data for some agricultural systems
such as arable cropping, cut and carry, and fodder crop to allow calibration of the
P loss submodel and validate the approach taken for these systems.



There is an opportunity to include a standardisation of the estimation of runoff,
and separate reporting of P losses via surface runoff and sub-surface flows.



Consideration of new features in OVERSEER could include accounting for P loss
in irrigation and estimation of P removal in wetlands, and for the model to increase
its spatial and temporal capability.



A re-calibration is recommended between P loss from farm system components
modelled by OVERSEER with measured component loss to establish how well P
loss is currently being modelled. This should only be undertaken after any agreed
changes to the P loss submodel in OVERSEER have been completed.



It is recommended that an updated sensitivity and uncertainty analysis is
conducted once the submodel has been updated. In particular, it is recommended
that the focus be on the uncertainty associated with input data so that additional
work, such as upgraded data sources or the Best Practice data input standards
can be done.
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