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1. Nitrogen modelling

Ideally, a holistic model would be available, allowing you to model all nitrogen flows at the same time for a given situation, even taking into account the dependency between those N-fluxes. However, since no such model yet exists, each flux must be considered in isolation. The following approaches have been extracted from the discussion of the working group:

N-fixation

N-fixation is a relevant issue, especially when looking at organic farming systems.

It was concluded that for the time being, a simple Danish empirical model (Høgh-Jensen et al. 1998) presented by Loges et al. (this volume) might be applied. Input data for this model are harvested drymatter yield of leguminosae and information on the production system (partitioning leguminosae/grass, ...).

Ammonia

The British MARRACAS-model (Cowell & ApSimon 1998) seems to be best practicable means for making a first approximation of ammonia emissions for LCA purposes. By means of this model, NH3 emissions of different types of animals can be modelled. Basis of the model is the nitrogen excreted by animals (literature values). The model is currently in use in the UK (validation at level of UK, no on-farm validation yet) and is state-of-the art in Europe. This model covers both organic fertiliser and mineral fertiliser (relevant here is the urea and ammonium content). Input data might be taken from FADN and study farms.

The following key parameters are taken into account in the MARACCAS-model:

· Temperature (housing of animals and storage of manure);

· Application method (surface spreading versus injection);

· Type of manure applied (N excreted, i.e. N in manure);

· Land coverage.

Parameters which are not dealt with in the model, but which are regarded as being important are:

· Wind speed;

· Radiation;

· Infiltration rate (soil characteristics, season);

· Precipitation;
· Time between application precipitation, or incorporation into the soil;

· Soil chemistry (pH, cation exchange capacity, buffer capacity).

A rough attempt was made to assess what effect those parameters might have upon the outcome of the ammonia-model. Efforts for improving ammonia modelling should focus those factors that have the largest influence on the outcome of the model. However, the conclusion was that many factors seem equally important. Thus, when improving ammonia modelling, all the above factors should be incorporated in a more sophisticated approach. In addition, an attempt should be made to include possible interrelations between those parameters. One of the problems that arise when attempting to model real ammonia emissions is that there are few real-time data available (e.g. wind speed, temperature, rainfall, etc.). However, not all of these data are relevant for for LCA purposes, as LCAs most often relate to larger geographical and temporal averages. 

Nitrate

The British SLIMMER-model (Anthony et al. 1996) was considered to be best practicable means for LCA purposes. This model assumes a non-linear relationship between the remaining nitrogen on the plot (N surplus) and the amount of nitrogen that leaches. Basis for the calculation and key issue here is the amount of nitrogen in the soil in autumn. This model is applied in the UK. It can be used both for arable farming and grassland. 

It seems not to be fit for use in regions where irrigation is applied (Southern-Europe) and in areas with heavy rainfall (effects of by-pass flows, etc.). Key parameters in nitrate modelling are soil and climate related parameters (e.g. field capacity, drainage water rate). There is a need for a harmonisation of calculation procedures at EU level, especially with the nitrate Directive in mind.

Nitrous oxide (N20)

The IPCC-calculation procedure (Bouwman formula, IPCC 1997) should be applied for LCA applications since this is a broadly accepted approach in the area of greenhouse gas emissions. However, the Bouwman formula (Bouwman 1996) simplifies the complex dependencies of the various important soil, climate, and management related parameters very much. Unfortunately, to date it is not possible to take account of all key parameters influencing the N2O emissions caused by agriculture.
The IPCC approach is regularly updated. Thus, the most recent version should always be used for calculating nitrous oxide emissions.

Nitrogen gas (N2)

No good models available. There seems to be a ratio between N2/N2O which is influenced by the soil condition (e.g. on sandy soils almost no N2, on clay soils more N2). It is often assumed that the deficit in N-balance is lost as N2. However, this approach is likely to over-estimate the N2-emission. It was suggested instead to distribute the deficit over all the above sources in the proportion to the amounts resulting from the above calculation procedures. Since N2 is not calculated, it will then participate in this distribution with the same proportion as the deficit itself.

Not covered

Not covered in the modelling approach is NOx since this N-flux is considered to be small compared to the other N-fluxes. Few data are available on this matter, and there is a large uncertainty in this area.

Also not covered are nitrogen losses by soil and wind erosion. This however seems to be only relevant in cases where mineral fertilisers are applied.

2. Needs for future research

The members of the work group identified two important needs concerning nitrogen modelling.

a) Need for model improvement and validation

Many of the models that are available at this moment seem to be developed for use under specific circumstances. In addition, many of these have not been validated thoroughly what makes their use and application within the framework of LCA difficult. Models should be applicable in different regions and for different farm types. Furthermore, the development of a more holistic model that covers all N-fluxes at the same time would be desirable.
It was suggested to prepare a note with recommendations towards the EU 5th framework programme, for a cluster of N-projects, including issues on quality assessment and control of models. 

b) Data availability

Data availability is a crucial issue when models and calculation procedures have to be applied. Data from the FADN network can be combined with other data for use in LCA and for performing sensitivity analyses. The results from these LCA’s can be used as input for improving data gathering within the FADN framework.

c) Experience

Experience has to be gained with the approach that was agreed upon above. It was suggested to make a case study, e.g. on a mixed livestock farm.
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