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1 Introduction 
FARMSCOPER is a decision support tool that can be used to assess diffuse agricultural pollutant loads 
on a farm and quantify the impacts of farm pollution mitigation options on these pollutants and 
other farm outcomes (e.g. productivity, biodiversity). The tool allows for the creation of unique 
farming systems, based on livestock, cropping and manure management, and the assessment of the 
cost and effect of one or more mitigation methods from a library of over 100 methods contained 
within the tool. The tool is also able to optimise the cost-effective selection of mitigation methods. 

The initial version of Farmscoper was developed under Defra Project WQ0106 as a policy support 
tool for cost-effectiveness assessments of pollution mitigation. It covered nitrate, phosphorus 
sediment, nitrous oxide, methane, ammonia and plant protection products. This version of the tool is 
described in Gooday et al. (2014) and Gooday and Anthony (2010). The tool contained a library of 
mitigation options based upon the Mitigation Method User Guide (Newell-Price et al., 2011). 

Version 2 (Defra Project FF0204) expanded the scope of Farmscoper to include the impacts of 
mitigation methods on biodiversity, energy use and water use and to include a number of mitigation 
methods comparable to options available under Entry Level Stewardship. Additional help was 
included and it was made more flexible and able to represent a wider variety of farming systems. 

Version 3 (Defra Project SCF0104) included the addition of two workbooks – a cost workbook to lay 
out all the data and assumptions used in the calculation of the costs of method implementation, and 
an upscaling workbook to allow the creation and assessment of multiple farms (derived from 2010 
Defra June Agricultural Survey (JAS) data) to allow the tool to be applied at catchment to national 
scale. The scope of the tool was also expanded to include soil carbon, faecal indicator organisms, soil 
quality and productivity as well as an explicit calculation of farm energy use. 

Version 4 (Environment Agency Project ENV6000718R) includes two additional upscaling workbooks, 
which contain data for smaller scale catchments than the original upscaling workbook. The census 
data provided within all the version 4 upscaling workbooks was derived from the 2015 JAS data. 

Version 5 (EA Project and Defra Project) updated the pollutant calculations using 1981-2010 climate 
data, updated some of the management data and revised the GHG calculations in line with the 
current GHG Inventory approach. The census data provided within all the version 5 upscaling 
workbooks was derived from the 2019 JAS data. 

The current version of the tool thus consists of six Excel workbooks: 

1. FARMSCOPER Create - used to create a farm and generate the pollutant losses occurring  

2. FARMSCOPER Evaluate - used to select mitigation methods and to determine their costs and 
impacts. A create workbook must first be loaded into this workbook    

3. FARMSCOPER Cost - used to create the cost data used within Farmscoper Evaluate. It details 
many of the assumptions about the mitigation method. It also functions as a standalone tool 
for the assessment of mitigation method cost.    

4. FARMSCOPER Upscale (3 copies at different spatial scales) - used to generate multiple 
Farmscoper Creates and pass them through Farmscoper Evaluate, such that pollutant losses 
and mitigation impacts can be investigated for a whole catchment. 

There is also a Farmscoper database, but this contains data for use within the tool and is not 
accessible to users. Copy and paste and drag and drop functionality should be used with caution 
within Farmscoper, particularly on the individual method worksheets in Farmscoper Cost. 

 

This document is intended as a brief synthesis of the information that is available in the Defra and EA 
reports, the initial journal paper and the help contained within the Farmscoper workbooks. 
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2 Source apportionment 
Farmscoper is based upon an explicit disaggregation of total pollutant losses, with mitigation 
methods acting to reduce the loss from one or more aspects of the disaggregated total, expressed as 
a percentage reduction from the baseline. This concept is demonstrated in Figure 1, where the total 
pollutant loss is apportioned between source, pathway and timescale, and the impacts of three 
manure-based mitigation methods are demonstrated. In this conceptual diagram, the size of each 
cube should be proportional to the amount of pollution loss occurring through the coordinates. The 
complete apportionment system used within Farmscoper is shown in Table 1 (see the Help 
worksheets within Farmscoper for definitions of the coordinate terminology). 

 
Figure 1 Example apportionment of pollutant losses by source, pathway and timescale, and demonstration of 
the coordinates affected by manure-based mitigation measures: change in animal diet (yellow, green and red 
cubes); manure placement (green and red cubes); manure application timing (red cube only). Note that the 

blue cubes represent pollutant emissions that are not impacted by these three mitigation methods. 

 

Table 1 Source apportionment coordinate system used within Farmscoper 

Source Area Pathway Type Timescale Form 
Dairy Arable Runoff Soil Short Particulate 
Beef Grass Preferential Fertiliser Medium Dissolved 

Sheep Rough Leaching FYM Long Gas 
Pigs Yards Gaseous Slurry  Gas Indirect 

Poultry Housing Direct Litter  Gas Embedded 
Chemical Tracks  Voided   

Land Fords  Enteric   
Arable Products Field Storage  Dirty Water   
Grass Products Steading Storage  PPPs   

 Woodland  Biomass   
 Boundary  Cultivation   
   Planting   
   Irrigation   
   Harvesting   
   Cleaning   
   Feeding   
   Housing   
   Milking   
   Output   
   Internal   

Soil 
Fertiliser 
Manure 

Runoff Drain flow Leaching 

Incidental 

Years 

Over-winter 
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3 Farm Systems 
Farmscoper is based around the creation of a farm so that input data, pollutant losses and mitigation 
potential can be auditable as well as realistic and recognisable to users. 

Farming Practices 

The user is able to specify a number of variables when creating a farm system: 

 crop areas 

 livestock numbers 

 fertiliser rates 

 manure management 

However, there are several variables that are not editable, as they were either a) required in order to 
run the pollutant models summarised for Farmscoper or b) reflecting default practice which is then 
modified as part of the implementation of mitigation methods. These include: 

 the proportion of time animals spent in housing, gathering in yards, in milking parlours or 
grazing - estimated by month for each livestock type based on data in Hellesten et al. (2007), 
Webb et al. (2001) and the Defra Farm Practice Survey (Defra, 2001). The general assumption 
is that cattle are outdoors for 6 months of the year, sheep are outdoors all year and that 
lambs are on farm for 6 months.  

 timing of fertiliser and manure applications – estimated by month from British Survey of 
Fertiliser Practice  

 all manure to grassland is broadcast spread and not incorporated. All manure to arable 
cropping is broadcast spread but incorporated within 5-7 days. 

 

Default Farms 

Farmscoper contains a series of default farm systems, based on the nine ‘Robust Farm Types’ used by 
the UK Government in survey analysis (Defra, 2010). Average crop areas and livestock numbers are 
derived from agricultural survey statistics, summarised by Defra for these farm types. The cropping 
and livestock on these default farm systems were based on the 2004 June Agricultural Census. To 
ensure that these model farms had physically realistic crop rotations and livestock numbers, a 
number of expert adjustments were made to the average farm statistics. The detailed assumptions 
about farm structure and practice on these model farm systems, which are based on a wide variety 
of survey data, are provided in Newell-Price et al. (2011).  
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4 Modelling Approach 

Pollutants 

Pollutant losses are provided for soil types and climate zones that are representative of the range of 
conditions across England and Wales. Six climate zones are defined based upon the range of annual 
average rainfall across England and Wales for 1961-1990 (Barrow et al., 1993). Three soil types are 
defined according to the probability of having artificial under-drainage under conventional 
agriculture. The types were:  

1. free draining soils that do not require any under-drainage 

2. slowly permeable soils that require under-drainage for arable use 

3. slowly permeable soils that require under-drainage for both arable and grassland.  

Pollutant losses were calculated using existing national model frameworks used for government 
policy support applied at 1km2 resolution using local soil, climate and other environmental data and 
required assumptions on farm management (see Section 3). The results were then summarised for 
the 3 soil types and 6 climate zones recognised by Farmscoper. The national models selected for this 
were each capable of providing the explicit disaggregation of pollutant losses required by the 
Farmscoper coordinate system. 

The result of this modelling was a large database of model derived export coefficients, where all the 
pollutant losses for each soil and climate zone are expressed in terms of the apportionment 
coordinate system. These coefficients specify pollutant losses (in kg per year) as a value per hectare 
of cropping, per m3 of excreta by livestock type or per kg of N or P fertiliser used. The actual 
Farmscoper tool queries this database to determine the pollutant losses and apportionment for the 
farming system being represented, multiplying the relevant coefficients by the cropping area, volume 
or livestock excreta or fertiliser used as appropriate. 

Other farm outcomes 

Values for production, soil carbon and carbon from energy use are not sensitive to the soil and 
climate types within Farmscoper. They also only use some of the coordinate system, e.g. the pathway 
and timescale coordinates are not considered for any of the three outcomes. 
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5 Modelling: Phosphorus, Sediment, Nitrate and FIOs 

Phosphorus and Sediment 

The PSYCHIC model (Collins et al., 2007, 2009a; Davison et al., 2008; Stromqvist et al., 2008), was 
used to estimate the diffuse sediment and phosphorus load from agricultural land. This is a process 
based, monthly time-step model with explicit representation of surface and drain flow hydrological 
pathways, particulate and solute mobilisation, and incidental losses associated with fertiliser and 
manure spreading. Farmscoper reports the total phosphorus loss, but where the coordinate system 
is shown, this can be disaggregated by the soluble and particulate components. The drainage outputs 
from PSYCHIC were used by the nitrate and phosphorus models to ensure consistency between the 
models. 

Nitrate 

Nitrate losses are calculated based on the NEAP-N model (Lord and Anthony, 2000), which was 
appropriate for deriving losses for the soil and climate zones. Although this model is sensitive to crop 
type and stocking density, it does not provide the detailed apportionment required for this work. 
Therefore, the coefficients in this model were disaggregated according to the results of a selection of 
models: N-CYCLE (Scholefield et al., 1991) was used for losses from grassland systems; MANNER 
(Chambers et al., 1999) was used for losses from managed manure; NITCAT (Lord, 1992) was used for 
losses from arable land and EDEN (Gooday et al., 2008) was used to determine the importance of 
different flow pathways. To ensure the use of a common hydrological framework for the water-
borne pollutants, the combined N model was linked to the PSYCHIC model used for sediment and 
phosphorus losses so that the former could use the output of the PSYCHIC water balance module. 

FIOs 

The calculations of FIO losses were based upon the FIO-Farm model (Anthony and Morrow, 2011). 
FIO-Farm is a farm-scale source apportionment tool that determines annual losses of FIOs and 
includes explicit representation of the uncertainty in the model parameters such as the microbial die-
off rate.  Meta-models were derived from the sub-models within FIO-Farm in order to derive the 
proportions of the potential burdens lost in the different source areas. The calculation of FIO losses 
was coupled to the PSYCHIC model (Davison et al., 2008) to allow the apportionment of losses 
between surface and drain flow according to the relative flow in the two pathways as determined by 
the water balance model within PSYCHIC. 

Non-field losses of nitrate, phosphorus and sediment 

Additional losses of pollutants that are from non-field areas that are not predicted by the models 
mentioned above were estimated based on the amount of excreta deposited at different farm 
locations, from which estimates could be made of the N and P losses from these locations. The 
locations considered were: at grazing but directly deposited in watercourses when drinking or 
loafing; on tracks whilst the animals travelled between the farmstead and the fields; directly in 
watercourses whilst the animals travelled between the farmstead and the fields; and whilst the 
animals were indoors or on hardstandings (e.g. the dairy collecting yard and milking parlour). The 
figures used to determine the amounts deposited were based on farm practice data collated from a 
range of farm practice surveys and manure management studies for England (as summarised in 
Anthony and Morrow, 2011). Losses of pollutants from manure heaps were calculated based upon 
Dewes (1995), Petersen et al. (1998) and  Nicholson et al. (2011). Pollutant losses from heaps are 
assumed to occur on farms importing manure - there are no losses from storage for farms exporting 
manure. 
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6 Modelling: Plant Protection Products (PPPs)  
PPP losses were calculated using a combination of several industry standard models and approaches, 
as no one model existed that captured each of the coordinates considered in this framework. 

To enable the calculation of PPP losses, standardised usage amounts of fungicide, herbicide, 
insecticide, molluscicide and growth regulators were created for each of the crop types found on the 
model farms based on published statistics (e.g. Garthwaite et al., 2005; 2006). Models were applied 
to a theoretical PPP with a range of sorption coefficients and degradation rates for a range of soils 
and climate zones. The losses for each crop type were then calculated by weighting the results of the 
individual average proportions of the full label rate, the total area of crop treated and the model 
outputs. This allowed the properties of the different PPPs affecting the leaching potential (sorption 
coefficients and degradation rates) to be taken into account.  

Field losses 

Losses of PPPs in leaching were based upon the Macro tool (Jarvis, 1994), whilst losses of PPPs in 
runoff and drain flow were based on a version of the SWAT model (Brown and Hollis, 1996) which 
had been modified to look at all drainage events in a season (rather than just the first event after 
application). Losses of PPP attached to soil particles were derived from equations linked to the 
average sediment losses calculated for each land use within the climate and soil zones.  

Spray drift 

Losses of PPPs in spray drift to ditches were quantified by application of the Ganzelmeir et al. (1995) 
equations to standard scenarios for ditches (FOCUS, 2002). All drained fields were assumed to have a 
ditch run alongside one field edge. For non-drained fields, the probability of there being a water 
course on one side of the field was derived for each climate zone based on the average stream 
density and distance to water course within each climate zone. 

Steadings 

Losses of PPP on the steading were calculated in proportion to the number of spray rounds 
completed - this represents the number of occasions on which there is opportunity for spillage and 
runoff. Research in the UK and Europe has shown that 20 to 90% of the total PPP load leaving a 
surface water catchment can originate from handling operations on the steading (Rose et al., 2004; 
Mason et al.,1999; Jaeken and Debaer, 2005). The loss from the steading for each farm type was 
therefore set to be 50% of the total for the 600-700 mm rainfall climate zone on the most 
impermeable of the soil types considered. 

 

Because of the detail in these calculations, the number of different PPPs in use and their different 
properties, the user is not allowed to specify PPP use on the farm created in detail. Instead, they are 
able to specify PPP usage by crop type relative to the ‘typical practice’ used to derive the losses 
described above. These typical losses are then simply scaled by the relative usage specified. 
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7 Modelling: Methane, Nitrous Oxide and Ammonia 
Methane, direct nitrous oxide and ammonia emissions are calculated according to either the 
equations used in the UK Agricultural Ammonia and GHG inventory (Brown et al., 2020) or using a 
coefficient-based approach derived from the Scenario Management Tool which summaries the 
output of the GHG inventory. 

The indirect emissions from nitrate leaching were calculated from the results of the nitrate leaching 
calculations.  

Losses from manure storage are assumed to occur before any manure is exported. 
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8 Modelling: Soil Carbon  
The soil carbon approach uses an enhanced IPCC tier 1 methodology (Eggleston et al., 2006), taking 
into account the findings of Defra project SP1113. A stock approach has been used, where the total 
carbon stock (t ha-1) is calculated assuming that the land is in equilibrium (both for the baseline 
situation and any mitigation scenario). If desired, a rate of change can thus be found by differencing 
the baseline and a mitigation scenario and estimating the length of time required to reach the new 
equilibrium under the mitigation scenario (values typically used are between 20 and 100 years). 
Following Defra Project SP1113, the carbon stock was calculated for a depth of 100 cm, although 
many of the management factors (see below) were only applied to the top 30 cm. 

Soils 

Default soil carbon stock values (t ha-1) were taken from Bradley et al., (2005) for the land uses 
recognised by Farmscoper. The appropriate land use factor was applied to each crop type, and 
modified by stock change factors accounting for crop management and the amount of fertiliser and 
manure applied. The default IPCC (2006) values for the management and input stock change factors 
were used for arable land. Defra project SP113 states that the default grassland management factors 
are not appropriate for UK conditions, but there is currently no better UK specific data available - 
thus these factors were all set to 1 in Farmscoper. The decisions trees within SP1113 were used to 
determine which management factors to apply to the different crops. 

The Farmscoper input requirements now include the area of organic soils. Organic soils have a higher 
default soil carbon stock, but the additional management factors are not applied. The organic soils 
are assumed to be equally distributed across the different land uses. The soil selected for the 
calculation of pollutant losses is not linked to the percentage of organic soils. 

Soil Erosion 

It was assumed that the default soil carbon stock values include the effects of an average amount of 
erosion. The difference between the average erosion value for each land use (derived from data 
within Farmscoper), and the value calculated for a modelled farm is used in conjunction with average 
soil carbon contents by land use (derived from Proctor et al., 1998) to modify the soil carbon stock. 

Biomass 

Soil carbon calculations in Farmscoper also account for the above ground biomass found in woodland 
and hedgerows. A typical carbon content of the biomass (t ha-1) is taken from IPCC for woodland and 
from Falloon et al. (2004) for hedgerows. Hedgerow area is calculated based upon the proportion of 
field boundaries that are hedged, and estimated values for typical field areas and hedgerow widths. 

Mitigation 

Unlike the other pollutants or outcomes for which Farmscoper has source apportioned baseline loss 
values, the impacts of mitigation methods on soil carbon stocks are not calculated using a percentage 
modification approach. Instead, absolute values are calculated for each method. Note that this has 
resulted in the ‘Method Impacts’ worksheet within Farmscoper Evaluate having formulae which link 
to another worksheet for deriving these absolute impacts. 

For example, the value for the impact of a grass buffer strip in an arable field is calculated as a small 
percentage decrease in the arable carbon stock (equal to the area out of production), replaced by the 
carbon stock for ‘native’ grassland. Any method that impacts on sediment loss also has a calculated 
impact on the contribution of erosion to soil carbon stocks, (e.g. a method which reduces erosion will 
increase the equilibrium carbon stock). If the impact values for any method on erosion is altered, the 
values in the formula for the impact of that method on soil carbon should be adjusted accordingly. 
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9 Modelling: Carbon from energy  
Version 2 of Farmscoper included on-farm energy use as a qualitative indicator within the Evaluate 
workbook only, but this has now been replaced by an explicit calculation of energy use, such that 
baseline emissions in kg of CO2 are calculated (complete with source apportionment using an 
expanded coordinate system) and the impacts of mitigation methods expressed as percentage 
changes to the baseline values. 

The energy used for the major processes on farm is calculated, as are the embedded emissions 
resulting from the production of fertilisers and pesticides. The calculation of energy and carbon 
burdens from field operations was based upon Cormack and Metcalfe (2000), who used work rates 
and power inputs for a range of different machinery. This data was also used to determine the 
energy used in certain operations on farmsteads. The SPREADS software (Gibbons et al., 2004) was 
used to determine energy used in manure applications and also feeding livestock. Data were also 
sourced on energy used for storing and drying crop produce, milking dairy animals and for housing 
and heating all livestock types. 

The user is able to select the number and type of field operations and the amount and type of 
storage for crop products. All other values are calculated directly from e.g. the number of livestock or 
the amount of managed manure. 

A number of the mitigation methods require a change in the amount or type of machinery used on-
farm. Values for the impacts of these mitigation methods could thus be found by altering the number 
of field operations or calculating the energy used for different field operations that are not part of 
the baseline calculations and then determining the change in the apportioned carbon burden. 
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10 Modelling: Production 
Although the impacts of the mitigation methods on production are included within the cost values 
for method implementation, a separate calculation of production has been included in order to allow 
the explicit representation of changes in production to be shown. It was decided that the best way to 
combine all the potential outputs of the farming systems (e.g. grain, milk, meat, wool etc) was to 
express everything in monetary terms. For each crop type and livestock type, the output price (in £) 
per hectare or per head is combined with the areas and head counts to determine the total output 
from the farming system. Output prices are taken from The John Nix Pocketbook for Farm 
Management (e.g. Redman, 2021; as incorporated in the Cost Tool (see Section 13)). The user is able 
to specify certain livestock system properties (e.g. milk yields) and the proportion of forage material 
grown on farm that is also consumed on farm. 

The impacts of the mitigation methods were taken from the assumptions stated within the Cost Tool. 
For example, Method No. 6 (Cultivate land for crops in spring rather than autumn) is assumed to 
result in a 25% reduction in yield for the proportion of the arable area growing spring barley or peas, 
Method No. 19 (Make use of improved genetic resources in livestock) is assumed to result in a 5% 
increase in the output from dairy animals. Note that for some methods, the impact on production 
may have been included within the costing as it may be a significant part of the cost for that method, 
but the actual impact on overall production is very small and so has been ignored as a direct 
consequence for that method. Impacts on the amount of forage production are assumed to be offset 
by increased purchase of forage, such that the amount of livestock on the farm remains constant. 
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11 Indicators: Biodiversity, Water Use & Soil Quality 
Farmscoper estimates the impacts of mitigation method implementation on a number of ‘indicators’.  
Note that there are no baseline values for these indicators included in Farmscoper Create. The 
impacts on these additional indicators are far more subjective and are based on a simple scoring 
system. For biodiversity, the value is indicative of a potential impact, as it does not reflect the 
landscape or ecological context of the farm. The scoring system used in comparable to the scoring 
system used for the initial assessment of mitigation impact (Table 2) with values chosen from 0.2, 
1.0, 2.5, 5.0, 8.0 and 10.0. The difference in scale between these numbers and those in Table 2 was 
designed so that the percentage impacts on pollutant reductions would be comparable to the total 
scores for the different indicators. 

Biodiversity 

The impacts on biodiversity were assessed by extracting data and information from existing literature 
on the impacts of the Entry Level Stewardship (ELS) scheme. The key references used were Boatman 
et al. (2010), CEH (2007), Boatman et al. (2008), Scott Wilson Ltd. (2009) and Soil Association (2000).  
The benefits of each ELS option were defined on a number of different taxonomic groups using a 
scoring system. The overall score assigned to an ELS option was then calculated as the average of 
these taxonomic scores. Each mitigation method was cross-referenced with the ELS options to inform 
whether the mitigation method wholly or partially contributed to the option. The mitigation methods 
were then assigned biodiversity benefit scores by averaging the scores of the ELS options that they 
contributed to, weighted by the contributions to the options. 

Water Use 

There are only a few mitigation methods within Farmscoper that have an impact on water use. These 
were assessed by expert judgement. 

Soil Quality 

Soil physical quality was assumed to reflect water holding capacity, water regulation and aeration / 
respiration such that better soil physical quality results in improved total porosity and continuity of 
pores for good aeration and drainage, but also optimal water holding capacity. The assessment of 
mitigation method impact was achieved using expert judgment and outputs from a number of Defra 
projects (SP1305, SP1315, SP1601 and SP1606).  High positive scores would reflect potentially 
dramatic improvements in soil physical quality across whole fields due to the avoidance of 
compaction and smearing of soil in ‘wet’ field conditions and would be likely to result in improved 
soil function at the field scale, whilst lower positive scores would reflect significant improvements in 
soil physical quality in specific localities (e.g. within a riparian buffer strip) and improved soil function 
in these localised areas. Conversely, negative scores would result from a greater likelihood of 
working, grazing or trafficking soil in ‘wet’ conditions and thus reduced soil function, with higher 
scores reflecting large areas affected. 

The impact of methods on soil quality can vary according to soil type, mainly due to differences in 
clay content, organic matter content, shrink-swell characteristics and the generally greater resilience 
and resistance of heavier soils. Although Farmscoper recognizes different soil types, it was not 
possible to link these directly to the impacts of the mitigation methods on soil quality. Therefore the 
impact value was selected based upon the soil type most appropriate for that mitigation method. 
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12 Mitigation Methods: Impacts 
For the different pollutants, the potential impacts of the mitigation methods were based on a 
number of existing literature reviews, modelled scenarios and, where necessary, expert judgement. 
Due to uncertainties in the reported values of mitigation method impacts, the reductions are 
summarised on an indicator scale that gives some idea of the potential range of impacts (Table 2). 
The limits of the uncertainty ranges are used to provide the minimum and maximum impacts 
required for sensitivity analysis. 

Table 2 Pollutant reductions values used in the Farmscoper mitigation method library, and the range of 
reductions associated with the average values. 

Average 
Pollutant 
Reduction 

(%) 

Uncertainty 
Range 

Reduction 
Description 

- - None 
2 0 to 10 Very Low 

10 2 to 25 Low 
25 10 to 50 Moderate 
50 25 to 80 High 
80 50 to 95 Very High 

100 100 Total 

 

For each mitigation method contained within Farmscoper, it was necessary to specify the 
coordinates tackled and the percentage reductions against those sets of coordinates. Note that a 
mitigation method may impact on multiple pollutants and also that it might have different reductions 
against different sets of coordinates (commonly a greater effect on surface runoff than pollutant 
losses in other pathways. 

 

Where two or more methods act against the same pollutant loss coordinate, a multiplicative impact 
is assumed, such that the combined impact of the methods (Rtot) would be less than the sum of their 
individual impacts (Ri) as described by: 







ni

i
itot RR

1

)1(1  

where n is the number of methods applied which affect that set of coordinates. Two methods 
targeting the same coordinates, each with a 40% reduction in losses, would thus achieve a 64% 
reduction on those coordinates when applied together. Thus the impacts of additional mitigation 
methods tend to diminish as more and more methods are implemented, assuming they impact on 
similar coordinates. 

 

The exceptions to this approach are for the indicators (see Section 11) and for soil carbon (see 
Section 8).         
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13 Mitigation Methods: Costs 
The Cost workbook in Farmscoper contains a list of unit cost data, such as costs per kilogram of 
fertiliser, per hour of labour, per metre of fencing or cost per tyre. Data are provided for 2010 to 
2025, and the user is able to select the values for an individual year or an average value over a 
number of years. Much of the information for unit cost data was taken from The John Nix 
Pocketbook for Farm Management (e.g. Redman, 2021). Unit costs are categorised as fixed, gross 
margin or capital. A mitigation method may give rise to costs in more than one category. For capital 
costs, the tool shows the total cash or ‘up-front’ cost as well as the amortised cost (where the cost is 
spread over a period appropriate to the lifetime of the asset). 

For each mitigation method, the Cost workbook has one or more worksheets which contain a list of 
the required assumptions and associated values for that method (e.g. field length, buffer strip width). 
The different assumptions are then combined to produce the amounts to multiply the relevant unit 
costs by (e.g. field length and buffer strip width determine the area of lost arable production, which 
is then multiplied by the unit cost for the arable gross margin). For each method, any capital (both 
upfront and annual amortised), fixed and gross margin cost are summed to show the total costs by 
these categories and also the total overall cost. There is also the option to specify whether or not a 
mitigation method is associated with either a manure or nutrient management plan. These 
management plans are costed up separately so that any planning is not double counted (e.g. high risk 
areas for manure application are relevant to several mitigation methods). 

Note that the calculated costs are annual values (except for the upfront capital costs) and do not 
include any payments to farmers from agri-environment schemes or other incentives. 

To enable scaling of the costs with Farmscoper Evaluate and application to a range of farm types and 
sizes, the total operating (combined fixed, gross margin) and amortised capital costs for each method 
are re-expressed as cost coefficients: 

 Excreta cost coefficient. The annual mitigation action cost is expressed per cubic metre of 
livestock excreta produced on a farm. The assumption is that the cost represents farm inputs 
that are directly in proportion to the numbers of animals, and hence the total quantity of 
excreta produced on the farm. For example, the roofing of concrete yards will be in 
proportion to the yard size that is also in proportion to animal numbers or excreta 
production.  

 Manure cost coefficient. The annual mitigation action cost is expressed per cubic metre of 
managed slurry or farm yard manure on a farm. The assumption is that the cost represents 
additional handling and storage costs that are in proportion to the quantity of manure. For 
example, restrictions on timing of manure application may require additional storage 
facilities. 

 Area cost coefficient. The annual mitigation action cost is expressed per hectare of arable, 
grass or rough grazing on the farm. The assumption is that the cost represents income 
foregone or labour that is in proportion to the land area. For example, the cultivation of 
compacted soils requires an extra tillage operation. 

 Fertiliser cost coefficient. The annual mitigation action cost is expressed per kg of nitrogen or 
phosphorus fertiliser applied. The assumption is that the cost of implementation is directly 
proportional to the original amount of fertiliser applied pre-mitigation implementation, for 
example, replacing urea fertiliser with ammonium nitrate. 

Several mitigation methods enable farmers to save money, often through reduced fertiliser use. 
However, it is unlikely that a business would allow any savings from implementing these mitigation 
methods to offset the costs associated with other methods. Therefore, it is possible in the tool to 
choose to ignore any cost savings associated with mitigation methods. 
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14 Mitigation Methods: Other Data 
Aside for the cost and impacts of the mitigation methods, there are a number of other factors that 
can be used to further parameterise the mitigation methods and create specific scenarios. 

Implementation 

Farmscoper allows the user to enter an estimate of the present uptake of a method (“prior 
implementation”), which is normally expressed as a percentage of the applicable area or number of 
livestock or number of farm holdings (e.g. the uptake of cover crops is expressed as a percent of the 
area of over-winter bare ground or stubbles preceding spring sown crops; the uptake of covered 
slurry stores is expressed as a percent of the dairy and pig holdings managing their livestock manures 
as slurry). 

The user is able to enter their own values for prior implementation, but default values are also 
provided. Default mitigation implementation rates were updated in v5 based upon data in Elliott et 
al. 2019. A simple scoring system (comparable to Table 2) was used to estimate the range of uptake 
as it reflects the uncertainty in mapping farm practice survey questions to the specific mitigation 
methods. Each mitigation method was assigned an uptake score for free draining and slowly 
permeable soil types, along with any expected variation in uptake with livestock intensity or location 
within a Nitrate Vulnerable Zone.  

If a mitigation method is applied in a scenario, then its implementation will be raised from the prior 
implementation value up to the maximum implementation value. It is possible to set the maximum 
implementation value for any mitigation method implementation to be lower than 100%. 

Applicability 

A mitigation method may have a constraint on its applicability. For example, cover crops can only be 
applied before and after certain crops. There are a number of different applicability rules – these are 
determined in the Create workbook and passed over to the Evaluate workbook. Some rules have a 
value calculated directly (e.g. percentage spring cropping), whilst others always have a constant 
value (e.g. percentage high risk areas), although the values can be updated once in the Evaluate 
workbook. For the indicators (soil quality, biodiversity and water use), it has been assumed that if a 
mitigation method has been fully implemented, then that farm scores the maximum possible value 
for that mitigation method. Thus any applicability rules for implementation which are important for 
determining the impacts on pollutants losses (e.g. how much of the farm can take cover crops) are 
reduced to a simple yes/no situation.     

Interactions 

Within Farmscoper, it is possible to group mitigation methods together, so that they operate as a 
group and are all implemented as one.  It is also possible to specify that the implementation of a 
method is dependent upon another method already having been implemented.  

Some mitigation methods cannot be implemented at the same time (e.g. increased grazing season 
and decreased grazing season). In Farmscoper, such methods are deemed to be in competition. 
Where competitive methods are selected, the method from the competitive set with the highest 
priority will be the one implemented. In an optimisation scenario, the competition rules will only be 
enforced for an individual solution where all the competitive methods are selected. If the lower 
priority method is more beneficial, then it could be found in some, or potentially all, optimal 
solutions.  
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15 Optimisation  
The default library within Farmscoper contains over 100 individual mitigation methods. It would be 
impractical to derive optimal sets of methods from the large number of permutations of methods 
through brute force or trial and error alone, and it is desirable to identify optimal combination of 
methods without the relative weighting of the importance of the different pollutants. The 
optimisation feature within Farmscoper applies a genetic algorithm to identify the pareto set of non-
dominated combinations of mitigation methods. The genetic algorithm conceptually represents 
potential solutions to a method selection problem as a chromosome, with the genes on the 
chromosome representing whether an individual mitigation method is active (Figure 2). A population 
of chromosomes is maintained and, at each iteration of the optimisation process, the chromosomes 
that are judged to be most fit are preferentially selected to survive into the next generation and 
reproduce. Mutation generates child chromosomes that direct the search into new areas of the 
search space. Repetition creates a generation of individual solutions that are on average fitter than 
the previous generation in a process analogous to biological evolution.  

B C E F 5

A B D F 25

A C E 30

A C E 30

A B E 10

A B D E 20

Mutation

Generation 1 Generation 2

Methods Implemented Score Survive?

X

Methods Implemented Score Survive?

X

 
Figure 2 Conceptual representation of the genetic algorithm approach. The lower two chromosomes survive 
and reproduce from the first generation. These two chromosomes are used to create the second generation. 

This component of Farmscoper makes use of the NSGA-II algorithm (Deb et al., 2000) to determine 
which solutions survive to reproduce the next generation, in order to identify a family of solutions 
lying on the pareto-optimal front of non-dominated solutions. A solution or combination of 
mitigation methods dominates another solution if it is superior or equal in all objectives (pollutant 
reductions) but at least superior in one objective. The complete set of non-dominated solutions 
represents the best available solutions for achieving each objective. Unlike a single objective 
optimisation process that identifies a single solution, the process therefore aims to evolve a set of 
solutions that all achieve the possible target reductions for each pollutant. To direct the optimisation 
process, it is possible to specify minimum target reductions for each pollutant. 
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16 Sensitivity 
Both baseline pollutant losses and the reductions associated with the mitigation methods can be 
assigned uncertainty bounds within Farmscoper. Under a sensitivity analysis, these bounds are 
sampled during the evaluation and optimisation processes to output combinations of mitigation 
methods that are robust in the presence of uncertainty in the relative contributions of different 
sources and pathways.  

The approach taken is based on Latin Hypercube sampling (LHS), in which the possible range of each 
variable (mitigation method or baseline loss coordinate) is divided into N equally sized segments, and 
N samples are then taken, one from each segment. This is then repeated for each variable, such that 
the sampling is not correlated. For mitigation methods, the number of samples, N, is set to the 
number of generations in the optimisation routine. For the pollutant losses, N is 5 times the number 
of generations (as there are generally more coordinates for pollutant losses on most farm types than 
applicable mitigation methods). This means that any sample of mitigation methods would be tested 
against 5 different pollutant loss scenarios. For the baseline losses, there was no correlation between 
the variation in any one coordinate and another (e.g. the sediment loss from both the surface and 
preferential pathways could increase) although this does not always reflect a potentially realistic 
mass-flow concept (e.g. a higher ammonia loss from the steading could result in less ammonia 
available for loss from applied manure). For mitigation methods, all of the impacts for a specific 
method varied in tandem (e.g. all the positive impacts would increase by 20% and any negative 
impacts would increase by 20%), representing the whole method being more or less effective, rather 
than the method being more or less effective against any individual target coordinate.  

If the sensitivity analysis is performed by itself (i.e. outside of any optimisation process), the result is 
a graph showing the potential changes and possibility of occurrence for each pollutant. Note that for 
this, the results for the different pollutants are all sorted and ranked individually, and the possibilities 
are not necessarily correlated (e.g. a high ammonia reduction is not necessarily linked with a high 
nitrate reduction).  

The repeat sampling of the parameter space using this approach allows for the average and variance 
of the impacts of a suite of methods to be calculated. Within an optimisation process using the 
sensitivity data, any suite of methods is removed from the final list of solutions if it fails to meet the 
specified target reduction within calculated 95th percent confidence intervals. 
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17 Environmental Benefit 
The environmental benefit calculation in Farmscoper Evaluate attempts to put a monetary value on 
the pollutant reductions achieved. This is achieved by calculating the units of each pollutant saved in 
a mitigation scenario (calculated relative to the prior implementation situation) and then multiplying 
these reductions with a value in £ per unit for each pollutant and then totalling across all pollutants. 

The default values included within Farmscoper are shown in Table 3, with the sources of this data 
described below. Note that the tool has the capacity to use values for pesticides and FIOs, but no 
default values are provided for these pollutants. 

Table 3 Values used in the calculation of environmental benefit. The central value is the one provided as a 
default value in Farmscoper. 

Pollutant Units Value 
Nitrate £ kg-1 NO3-N 1.17 

Phosphorus £ kg-1 P 39.76 
Sediment £ kg-1 SS 0.47 
Ammonia £ kg-1 NH3-N 6.52 

GHGs £ kg-1 CO2-e 0.24 

 

Farmscoper predicts energy use in terms of CO2-equivalent. It is possible to convert both methane 
and nitrous oxide into CO2-e using global warming potentials of 25 and 298 respectively. Thus all 
three of these pollutants can use the GHG figure from Table 3. The unit value is the non-traded cost 
of carbon (BEIS, 2020), which reflects the cost of mitigating the GHG emissions. 

The value for ammonia is taken from air quality damage costs (Defra, 2020), and primarily reflects 
the impacts of exposure to air pollution on human health. 

The values for nitrate, phosphorus and sediment are taken from Defra (2006). This project estimated 
the economic damage from water pollutants across a range of ecosystem goods and services (e.g. 
drinking water quality, fishing, bathing water quality and eutrophication) and isolated the 
contribution of agriculture. 

Note that the reports quoted are from different years, and thus the final values incorporated in 
Farmscoper have been modified to reflect a value for 2021 using a GDP deflator tool. 
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18 Upscaling Methodology 
The Farmscoper tool is designed to operate at farm scale. The Upscaling tool is designed to perform 
multiple farm-scale simulations in order to allow the generation of results for a catchment or area. 

The Farmscoper Upscaling workbook has two principal stages: the first stage populates a number of 
Farmscoper Create workbooks, the second stage takes one or more pre-existing Farmscoper Create 
workbooks, passes them through a specified copy of Farmscoper Evaluate and then summarises the 
results. The user is able to repeat the second stage with different Evaluate workbooks in order to 
investigate different mitigation method scenarios.  

The Upscaling workbook has been designed to work with up to 10 different farm types. The user can 
populate the farm types directly, or they can be generated from the following data: 

1. Farm counts – the number of each farm type found on the different soil and climate types 
available within Farmscoper. These counts should be stratified by inside / outside NVZ if the 
default prior implementation rates in Farmscoper Evaluate are to be used. 

2. Census data – the livestock and cropping within that area, totalled according to the livestock 
and crop categories recognised by Farmscoper. This section also allows the user to set other 
properties for the area, such as the proportion of fields next to watercourses. 

3. Farm weightings – factors to weight the likelihood of the different crops and livestock being 
on the different farm types. The census data for a catchment is distributed across the farm 
types using the generic weightings and the number of each farm type within a catchment. 
Checks ensure that livestock excretal loadings do not exceed specified criteria, with 
weightings modified iteratively for a given catchment until the criteria are satisfied. 

4. Fertiliser and pesticide data – nitrogen and phosphorus fertiliser rates to the different crop 
types, specified by farm type. Pesticide usage, by crop and farm type, expressed as a 
percentage value relative to ‘typical practice’.  

5. Manure data – weightings for the likelihood of different manure types being applied to 
different crop types. Note that all manure generated on a farm remains on the farm – the 
upscaling workbook cannot account for manure import or export. This section also allows the 
user to set other livestock management properties by farm type, such as whether river 
crossings are bridged. 

Because of the farm-level excretal loading criteria (item 3), which is designed to help ensure manure 
applications rates are constrained within realistic bounds without requiring manure export (item 5), 
the land area allocated to intensive housed livestock farms using the default weightings provided can 
become quite large in order to accommodate all the manure. In reality, some of this land would 
probably be on neighbouring farms where manure was imported.  

Note that if no weightings are provided for a livestock or crop category, or if the weightings for the 
farm types found within the catchment are zero, then those livestock or crops will all be allocated to 
the most common farm type found in the catchment. If this happens it will be recorded on the ‘Log’ 
worksheet. The ‘Log’ worksheet also states the modifiers required to achieve any livestock excretal 
loadings constraints, and the final excretal loadings achieved. 
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19 Upscaling Data 
Farmscoper Upscale is pre-populated with data from the 2019 Defra June Agricultural Survey for the 
following nested spatial scales, using WFD Cycle 2 boundaries as appropriate: 

 England 

 River Basin Districts (RBDs) – 10 in England 

 Water Management Catchments (WMCs) – 90 in England 

 Operational Catchments (OCs) – 336 in England 

 Water Framework Directive Waterbodies (WFD WBs) – 4091 in England 

The tool also contains data for: 

 Natura 2000 (N2K) catchments for sites with a Diffuse Water Pollution Plan or Nutrient 
Management Plan 

The Upscale workbook has been designed to work with up to 10 different farm types, reflecting the 9 
major Robust Farm Types used by Defra, plus an extra slot for outdoor pig farming. For the WFD WB 
and N2K scales the number of farm types has been reduced to 4 due to the disclosure issues and 
confidence in the data at smaller spatial scales. Because of the different farm types used, the WFD 
WB and N2K data are contained in separate copies of Farmscoper Upscale. 

Where the farm count for a specific farm type within an area was less than five, the value was 
rounded to either zero or five to limit disclosure (note that cropping and livestock numbers are 
unaffected). 

Default values for nitrogen and phosphorus fertiliser application rates are taken from the British 
Survey of Fertiliser Practice 2019.  

Amalgamation of Water Framework Directive Waterbody catchments 

At WFD WB scale, the agricultural census data in a number of catchments would be disclosive due to 
the small number of farms operating within them. To provide a WFD WB dataset with national 
coverage, the disclosive catchments (i.e. those with less than five holdings) were merged with 
neighbouring catchments. The merged catchments are often coastal catchment, those in urban areas 
or small headwater catchments. Catchments that have been merged are identified in the ‘Census’ 
worksheet in Farmscoper Upscale. 

Confidence Assessment in Farmscoper Upscale 

The ‘Census’ worksheet in Farmscoper Upscale indicates the level of confidence in the data for each 
catchment. Confidence is set to one of three levels based upon the number of farms in the 
catchment, reflecting the probability of correctly locating farms and their land within a catchment 
and the accuracy of the census data for each farm. The confidence thresholds were set as:  

 Low:  < 25 farms 

 Medium: 25 – 100 farms 

 High:  > 100 farms 

Where confidence is set to low, there is likely to be a large uncertainty in the cropping and livestock 
for the catchment and also the assumptions in the modelling underpinning Farmscoper are likely to 
be less robust and default farm management data in Upscale may be less appropriate. With these 
catchments, it may be appropriate to consider several catchments together or supplement the data 
in Farmscoper Upscale with additional information from e.g. farm surveys or stakeholder workshops. 



 21

20 Interaction between Farmscoper Workbooks 
The following two figures show how the different Farmscoper workbooks interact and the data that 
is passed between them. The grey boxes show the primary workbook(s) for use at farm scale (Figure 
3) and at catchment scale (Figure 4). 

 
Figure 3 Relationships between different Farmscoper workbooks and data when used at Farm Scale 

 
Figure 4 Relationships between different Farmscoper workbooks and data when used at Catchment Scale 
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21 Typical Baseline Farmscoper Results 
These graphs show typical results from Farmscoper, expressed as units of output per hectare of 
agricultural land against cumulative proportion of the agricultural land in England. These results do 
not include the effects of any mitigation method implementation. 
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22 Further Details 
There is currently no official technical support for users of Farmscoper. However, if you have any 
issues with installation or use of the tool, or encounter any potential errors then please contact: 

richard.gooday@adas.co.uk 

Tel: 01902 271307 

RSK ADAS Ltd 
Titan 1 Offices   
Coxwell Avenue  
Wolverhampton Science Park 
Stafford Road 
Wolverhampton 
WV10 9RT 

 

Farmscoper v5 was developed on machines running Microsoft Office 365, and tested on non-ADAS 
machines through the project steering group.  

 

Note that ADAS will not be liable for any of the following arising from use of FARMSCOPER (including 
any arising from ADAS's negligence): (i) loss of anticipated profits or expected future business; (ii) 
damage to reputation or goodwill; (iii) damage to hardware; (iv) damages, costs or expenses payable 
by the User to any third party; (v) loss of any order or contract; or (vi) indirect or consequential loss 
of any kind. 

 

 

 

 

 

The development of Farmscoper was funded by Defra and the Environment Agency. If you have any 
questions, please contact: 

luke.spadavecchia@defra.gsi.gov.uk 

Defra 
Nobel House 
London 
SW1P 3JR 
 
 
rachel.dils@environment-agency.gov.uk 

Environment Agency 
Red Kite House 
Howbery Park 
Wallingford 
OX10 8BD 
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