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Nitrogen flows in farming systems

Agricultural systems have intensive N flows often leading to large emissions of reactive 
N to the surrounding environment.

The N fluxes and the effect of management on fluxes differ considerably between farm 
types (e.g. arable farm, pig farm, cattle farms).

Legislation is increasingly focusing on reducing emissions of several of the reactive N 
species simultaneously. Such reduction require farm management to be targeted at 
reducing emissions throughout the chain of N flows at farm scale.
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The N balance concept
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Losses:        L = S - ∆
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Flows affecting farm N emissions

Housing Manure storage

Animals

Imported feed

NH3

N2

NH3

N O2

NH3

Field (soil)

N O2

N2

N O2

NO3

Animals Fertiliser

On-farm crop production



Ministry of Food, Agriculture and Fisheries
Danish Institute of Agricultural Sciences

Scales of interest

• Structural: Different farm types and components differ
considerably in terms of N cycling and emissions.

• Spatial: Farms are components of landscapes and affect
N flows at landscape level (in atmosphere and water). 
Spatial heterogeneity in soils and cropping pattern at 
field and farm scale will affect emissions.

• Temporal: N flows and emissions are affected by the 
weather and by the prehistory of the soils.

• Management: The flows can be affected by management 
in all the different spatial contexts.
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Modelling farm flows and emissions

• Static models: Focuses on the structural aspects 
of the farm (e.g.: Farm-N tool).

• Dynamic models: Focuses on structural and 
dynamic aspects of the farm (e.g.: FASSET and 
FarmGHG).

• Landscape: Focuses on spatial and dynamic 
aspects of farms and their interaction with other 
landscape components (e.g.: NitroScape).
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The Farm-N tool (available at www.farm-n.dk)

• A whole-farm model of N flows
• Focuses on the interactions between crop and livestock 

production
• Static model, results represent an average situation
• Deterministic; same input produces same output
• Underlying assumption: Nutrient quota used to regulate

management
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Nitrogen flow on farm
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Defaults:
•soil type
•irrigation
•prehistory
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Field

Define rotation in
terms of crop mixture
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Field

Rotation 1
Arable rotation with 
grass/clover ley

Rotation 2
Continuous maize
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Crop rotation

Crop fertilisation
•standard N demand
•manure applied

Use of crops
•sold
•grazed
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Pigs

Categories
Numbers
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Intermediate calculations

• Animals
– feed demand
– N excretion

• Housing & storage
– addition of bedding

• Fields
– optimum crop rotation
– plant-available N required
– optimised manure use
– mineral fertiliser applied
– crop production
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Farm-N uses fixed N efficiencies in the animal production

Animal category N efficiency (%) 
Dairy cows 26 
Heifers 15 
Bulls 23 
Sows with piglets 17 
Piglets 49 
Slaughter pigs 38 
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Farm N surplus = Import - Export

• Import (input)
– feed imported
– livestock imported
– mineral fertiliser and manure
– N fixation
– seed
– atmospheric deposition

• Export (output)
– livestock products (meat, milk)
– crop products (grain, straw, hay)
– manure exported
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Results
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Distribution of estimated N surplus

• Ammonia volatilisation estimated from emission factors

• Denitrification (N2+N2O) in housing and manure storage estimated 
from emission factors

• Denitrification (N2+N2O) in soils estimated from emission factors 
(SimDen model)

• Soil N change estimated from a simple dynamic SOM model

• Nitrate leaching = farm N surplus – (other losses + change in soil N).

• Nitrate leaching may alternatively be estimated from an empirical N 
leaching model (e.g.: N-LES).
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Results

Distribution of Farm gate N-surplus = 147 kg N/ha
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The FarmGHG farm model (www.agrsci.dk/jpm/jeo)

• A whole-farm model of N flows and greenhouse gas emissions

• Focuses on estimation of measures (management and technological) of 
reducing greenhouse gas emissions.

• Semi-dynamic model, uses monthly time steps, but results represent an
average situation

• Deterministic

• A combination of emission factors and dynamic effects on N flows and 
emissions is used

• The model has been applied to European dairy farming systems 
(organic and conventional)
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Farm N surplus increases with livestock density

Livestock density (LU ha-1)
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Emissions per area

Farm N efficiency, output/input (%)
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Emissions per unit of energy exported

Farm N efficiency, output/input (%)
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The FASSET farm model (www.fasset.dk)

• A whole-farm model of C and N flows and farm 
production

• Focuses on estimation of farm management effects on C 
and N flows, in particular of emissions of reactive N 
species.

• Dynamic model, uses daily time steps, and results depend 
on actual soil and climatic conditions

• Deterministic
• The flows and emissions are mostly simulated through 

mechanistic modelling of the physical and biological
systems involved.
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Examples of management options to reduce N losses

• Change in feeding of cattle and pigs, e.g. reduced use of N-
rich concentrates, addition of essential amino acids.

• Cover on slurry tanks
• Anaerobic digestion of slurry (biogas)
• Slurry injection
• Reduced fertiliser N rates
• Better timing of fertiliser and manure applications
• Growing of catch crops
• Reduced tillage
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The fate of N-savings from catch crop changes over time
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N2O emissions from grazed grassland
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Simple or complex models?

• Simple models
☺ few inputs, readily obtained
☺ low parameter error
/ high model error
/ reflects average management

• Complex models
/ many inputs, readily obtained
/ high parameter error
☺ low model error
☺ can reflect wide range of management
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Which models to apply?

• Prediction of management effects on farm N flows
and emissions
– dynamic models
– reflect the underlying processes affected

• Prediction of farm N flows and emissions at 
landscape scale
– simple (empirical and static) models
– limited amount of good quality data available
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Conclusions

• N losses from farming systems are particular large from livestock 
systems with low N-efficiencies in the livestock production

• Farm N flows and emissions are often best predicted using simple 
(empirical and static) models

• Farm N flows and emissions are often best understood using 
dynamic models, which represent both structural and temporal 
scales

• To properly represent the need for future targeted regulations of 
farm N emissions, farm models will need to consider interactions 
within the landscape
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Thanks for your attention
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