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FOREWORD 

This Handbook is an update and revision of the OECD/Eurostat Gross Nitrogen Balances Handbook 

2007 and OECD/Eurostat Gross Phosphorus Balances Handbook 2007. It establishes the guidelines 

for the estimation of the following nutrient budgets in EU-27, Norway and Switzerland at national 

level: the Gross Nitrogen Budget (GNB) and the Phosphorus budget (PB). The Handbook is 

expected to be updated in the future as improvements on particular flows of the budgets are foreseen; 

the document is therefore foreseen with a version number. The Handbook is intended for national 

experts providing the budgets to Eurostat.  

The Handbook does not include details for the transmission of the data; these are provided in a 

separate document to participants of the Working Group on Agri-Environmental Indicators (AEI) in 

advance of data collection. 

Note that the name of the indicators have changed from Gross Nitrogen Balances to Gross Nitrogen 

Budgets and from Gross Phosphorus Balances to Phosphorus Budgets.  

The term ''nitrogen budgets'' has been introduced by Leip, A. et al (2011)1 and is used by the Expert 

Panel on Nitrogen Budgets (EPNB) of the Task Force on Reactive Nitrogen (TFRN) in the guidance 

document which is being prepared for the establishment of nitrogen budgets under the revision of the 

Gothenburg Protocol of the United Nations Economic Commission for Europe (UNECE) Convention 

on Long-range Trans boundary Air Pollution (CLTRAP). In the guidance document the EPNB defines 

a nitrogen budget as follows: ''a nitrogen budget consists of the quantification of all major nitrogen 

flows across all sectors and media within given boundaries, and flows across these boundaries, in a 

given time frame (typically one year), as well as the changes of nitrogen stocks within the respective 

sectors and media. Nitrogen Budgets can be constructed for any geographic entity, for example at 

supra-national level (e.g., Europe), sub-national level (regions, districts), for watersheds or even 

individual households or for economic entities (such as farms)''. A ''balance'' is defined as: ''Ideally, 

the balance of a pool, a sub-pool, or a full Nitrogen Budget is closed, i.e. all nitrogen flows can be 

explained as input, output or stock changes. The balance equation is then Noutput + Nstock_change - Ninput = 

0. Such a closed N-balance is theoretically possible for each pool defined and for a full Nitrogen 

Budget. In practice however a closed balance is not a requirement of a Nitrogen Budget''. The same 

terminology can be applied to phosphorus budgets. In this Handbook the word ''surplus'' is used to 

refer to the result of the particular balance calculation for the total nutrient budget: total inputs minus 

total outputs. The calculated surplus represents the nutrients which are potentially emitted to the air, 

leached or run-off to waters or add to nutrient accumulation or depletion in the soil. The surplus can 

be positive representing a nutrient surplus or negative, representing a nutrient deficit. The surplus is 

often expressed per ha.  

This Handbook has been drafted to improve the coherence and transparency of GNB and PB 

estimations across EU-27, Norway and Switzerland. It is based on discussions with relevant 

stakeholders and delegates of the Eurostat Working Group on Agri-Environmental Indicators2 and the 

Standing Committee on Agricultural Statistics (CPSA)3. Several joint Eurostat/OECD meetings have 

been held over the past few years, to identify and agree on the most robust and feasible methodology 

for the calculation of nitrogen and phosphorus budgets following the land budget approach, see 

                                                      

1 Leip, A., et al., Farm, land, and soil  budgets for agriculture in Europe calculated with CAPRI, Environmental 

Pollution (2011) 

2 All documents discussed in the Working group on AEI are available on Circabc. For some documents access is 

limited to members of the discussion group. Access to the site can be requested under the section ''subscription 

and contact information'' on the site. 

3 All documents discussed in the CPSA are available on Circabc. For some documents access is limited to 

members of the discussion group. Access to the site can be requested under the section ''subscription and contact 

information'' on the site. 

http://www.oecd.org/greengrowth/sustainable-agriculture/40820234.pdf
http://www.oecd.org/greengrowth/sustainable-agriculture/40820243.pdf
http://www.unece.org/fileadmin/DAM/env/documents/2012/EB/ECE_EB.AIR_2012_L8_Draft_decision_on_adoption_of_guidance_document_on_national_nitrogen_budgets_GP.pdf
http://www.unece.org/fileadmin/DAM/env/documents/2012/EB/ECE_EB.AIR_2012_L8_Draft_decision_on_adoption_of_guidance_document_on_national_nitrogen_budgets_GP.pdf
http://ac.els-cdn.com/S0269749111000625/1-s2.0-S0269749111000625-main.pdf?_tid=aaacdeea-4826-11e2-969d-00000aacb361&acdnat=1355734348_fb26ef22e9edf549eca82f1f1a8be6b4
http://ac.els-cdn.com/S0269749111000625/1-s2.0-S0269749111000625-main.pdf?_tid=aaacdeea-4826-11e2-969d-00000aacb361&acdnat=1355734348_fb26ef22e9edf549eca82f1f1a8be6b4
https://circabc.europa.eu/w/browse/738a8548-79f5-4159-a706-e87089297635
https://circabc.europa.eu/w/browse/27a69e6e-5f07-49a8-b474-cdbe24890d44
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subchapter 2.2. This handbook sets out the main principles of the agreed methodology across EU 

Member States, Switzerland and Norway, and discusses the difficulties of their implementation and 

sets out the solutions agreed at the various meetings.  

The Handbook draws on the results of the research project DireDate4. DireDate investigated the data 

requirements for agri-environmental indicators and related policies such as the Rural Development 

Program (RDP), Water Framework Directive (WFD), and Nitrates Directive (ND). Nutrient budgets 

are for instance required for the monitoring of the RDP5 and are often used for identifying vulnerable 

areas to nutrient leaching (WFD and ND). A particular task (task 3) of DireDate was to analyse 

methodologies for calculating greenhouse and ammonia emissions and nutrient balances. Many 

activity data needed for the GNB and PB are also needed to fulfil other AEI and policy data 

requirements. DireDate identified clear prospects for a common and harmonized data collection – 

processing – reporting chain which could lead to improvements in efficiency of data collection and 

reporting. DireDate also identified key areas for which data availability and quality should be 

improved, of which many relating to GNB and PB.  

The revision of the Handbook has been coordinated with work on national nitrogen budgets in the 

UNECE CLTRAP Expert Panel on Nitrogen Budgets6 to (i) increase the coherence between the GNB 

estimations and the national nitrogen budgets and (ii) to improve the efficient use and coherence of 

activity data of GNB and GHG and NH3 emissions inventories. Specific thanks go to Adrian Leip 

from the Joint Research Centre (JRC) for his inputs in drafting this Handbook.  

Chapter 1 provides an overview of the nitrogen and phosphorus cycles. In Chapter 2 the GNB and PB 

are introduced. Subchapter 2.2 discusses the differences between different conceptual approaches 

(soil, farm and land budgets). Subchapter 2.3 discusses the estimation of the total nitrogen surplus and 

the partitioning into a part at risk to the air and a part at risk for leaching and run-off.   

In Chapter 3 the guidelines for the estimation of nutrient budgets are described. An ideal budget 

approach is described as well as a practical implementation (a compromise between the ideal world 

budget and what can be achieved in the real world taking into account financial restrictions and the 

need to prioritise data requirements). Though in principle the aim is to include all nutrient flows, 

problems in data availability and quality, has led to exclude certain flows (which ideally should be 

included in the nutrient budgets) in the described practical implementation of the nutrient budgets, 

atmospheric deposition of P, crop residue inputs and BNF by free living organisms. A further 

distinction has been made in the practical implementation between flows for which data reporting are 

obligatory and flows for which data reporting is optional. For obligatory flows of the practical 

implementation default estimations procedures are established. Some flows are currently optional in 

the practical implementation because data are not available for all countries and default estimations 

are difficult to establish, e.g. use of other organic fertilizers and manure treatment. For obligatory 

flows a minimum data reporting requirement is established in the practical implementation to ensure a 

minimum level of comparability and transparency of GNB and PB estimations across countries. 

Countries are however encouraged to go beyond this minimum data requirement to provide as much 

as possible complete information on the flow.  

                                                      

4 All DireDate reports are accessible to the general public at Circabc and at the publication section of the 

dedicated section on Agri-environmental indicators in the Eurostat website: 

http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/publications.  

5 The Common Monitoring and Evaluation Framework (CMEF) provides a single framework for monitoring 

and evaluation of all rural development interventions for the programming period 2007-2013. The GNB and PB 

are baseline indicators under this framework:   http://ec.europa.eu/agriculture/rurdev/eval/index_en.htm  

6 Information on the Expert Panel on Nitrogen Budgets can be found at:  

http://www.clrtap-tfrn.org/node/110.  

http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-RA-11-024
http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-RA-11-024
https://circabc.europa.eu/w/browse/c4355ad7-c980-42c3-b30a-ab20e6bb8942
http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/publications
http://ec.europa.eu/agriculture/rurdev/eval/index_en.htm
http://www.clrtap-tfrn.org/node/110
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In subchapters 3.2 to 3.4 the statistical limits (sector coverage, area and reference period) of the 

nutrient budgets which are the topic of this Handbook are defined. The different nutrient flows taken 

into account in the nutrient budgets are described in the subchapters 3.2  to 3.16. These subchapters 

follow a common structure, see also subchapter 3.1. 
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1. NITROGEN AND PHOSPHORUS CYCLES 

1.1. The Nitrogen Cycle 

1.1.1. Introduction 

Nitrogen (N) is important to all life. It is required for all organisms to live and grow because it is the 

essential component of DNA, RNA, and protein. N in the atmosphere or in the soil can go through 

many complex chemical and biological changes, be combined into living and non-living material, and 

return back to the soil or air in a continuing cycle. With respect to agricultural nitrogen budgets, the 

nitrogen cycle can be described by 5 main processes: biological fixation, uptake, mineralization, 

nitrification, and denitrification. Most of these processes are driven by micro-organisms.   

1.1.2. Nitrogen fixation 

The largest store of N can be found in the atmosphere, where it exists as a gas (mainly N2). N2 is an 

inert compound and biologically unavailable to most organisms. In order to be utilized in most 

biological processes, N2 must be converted to reactive N (Nr), which includes inorganic reduced 

forms (NH3 and NH4
+), inorganic oxidized forms (NO, NO2, HNO3, N2O, and NO3

-), and organic 

compounds (urea, amines, and proteins).  

Almost the entire N found in any terrestrial ecosystem originally came from the atmosphere. Some 

amounts enter the soil through the effects of lightning, with rainfall or through dry deposition. The 

energy from lightning causes nitrogen (N2) and water (H2O) to combine to form ammonia (NH3) and 

nitrates (NO3). Rainfall carries the ammonia and nitrates to the ground.  

Under pre-industrial conditions, however, the majority is biochemically fixed within the soil by 

specialized micro-organisms. These micro-organisms convert N2 into ammonia (NH3) by the process 

called nitrogen fixation; the micro-organisms are either free-living or form symbiotic associations 

with leguminous and other plants or other organisms (e.g. termites, protozoa).  In exchange for some 

of the N these micro-organisms fix, the micro-organisms receive from the plants carbohydrates and 

special structures (nodules) in roots where they can exist in a moist environment. Although the first 

stable product nitrogen fixation is ammonia, this is quickly incorporated into protein and other organic 

nitrogen compounds either by a host plant, the bacteria itself, or another soil organism. 

1.1.3. Nitrogen mineralization and ammonification 

Other stores of N include organic matter in soil and the oceans. When organisms die, decomposers 

(such as bacteria and fungi) consume the organic matter and lead to the process of decomposition. 

Decomposers also decompose the droppings and waste of organisms (excretion). During this process, 

a significant amount of the N in organic form contained in the dead organism or waste is converted 

into inorganic forms, this process is called nitrogen mineralization. This process is also often referred 

to as ammonification as it leads to the release of ammonia (NH3). In most soils, the ammonia 

dissolves in water to form ammonium (NH4). Once in the form of ammonium, N is available for use 

by plants or for further transformation into nitrate (NO3
-) through the process called nitrification.  

1.1.4. Nitrification 

Certain micro-organisms in the soil convert ammonium (NH4) into nitrite (NO2). Other micro-

organisms finish the conversion of nitrite (NO2) into nitrate (NO3). Most plants obtain the N they need 

as nitrate. Nitrification requires the presence of oxygen, so nitrification can happen only in oxygen-

rich environments like circulating or flowing waters and the very surface layers of soils and 

sediments. The process of nitrification has some important consequences. Ammonium ions are 

positively charged and therefore stick (are sorbed) to negatively charged clay particles and soil 

organic matter. The positive charge prevents ammonium N from being washed out of the soil (or 

leached) by rainfall. In contrast, the negatively charged nitrate ion is not held by soil particles and is 

very soluble; it is easily lost from the soil system by leaching.   

javascript:WinOpen('/library/pop_glossary_term.php?oid=2171&l=','Glossary',500,300);
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2171&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2181&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=3310&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=853&l=
http://www.physicalgeography.net/physgeoglos/l.html#leaching
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1.1.5. Uptake of nitrogen 

Most plants can only take up N in two solid forms: ammonium ion (NH4
+) and nitrate ion (NO3

-). 

Most plants obtain the N they need as inorganic nitrate from the soil solution. Animals (and humans) 

receive the required N by the consumption of plants and/or animals. 

1.1.6. Denitrification 

Through denitrification, oxidized forms of N such as nitrate (NO3
-) and nitrite (NO2

-) are converted to 

dinitrogen (N2) and, to a lesser extent, nitrous oxide gas (N2O). Denitrification is an anaerobic process 

that is carried out by denitrifying bacteria, which convert nitrate to nitrite to nitrogenous gases nitric 

oxide (NO), nitrous oxide (N2O) and N2. Nitric oxide and nitrous oxide are both environmentally 

important gases. Nitric oxide (NO) contributes to smog, and nitrous oxide (N2O) is an important 

greenhouse gas, thereby contributing to global climate change. Nitrous oxide is also relevant for 

stratospheric chemistry (ozone layer). Once converted to dinitrogen (N2), N is unlikely to be 

reconverted to a biologically available form because it is a gas and is rapidly lost to the atmosphere. 

Denitrification is the only N transformation that removes N from ecosystems (essentially irreversibly), 

and it roughly balances the amount of N fixed by the nitrogen fixation described above.  

1.1.7. Human interventions in the Nitrogen cycle 

The activities of humans have severely altered the nitrogen cycle.  

Agricultural production for the market 

Agricultural production for the market means that crops and/or animal products are removed from the 

ecosystem and used elsewhere. The N contained in these products therefore often does not return to 

the ecosystem. Without adding fertilizers to complement this loss in N the soil fertility degrades. Prior 

to the mid-19th century, different practices were used by farmers to replenish the soil with N, which 

include crop rotations with leguminous crops, fertilisation by manure etc. However the global amount 

of reactive N limited the possibilities for agricultural expansion.  

Introduction of Mineral N-fertilizers 

With the introduction of the Haber–Bosch process in the early 1900s the amount of global reactive N 

increased significantly. The Haber–Bosch process combines under high temperatures and very high 

pressures, hydrogen from natural gas and N from the air (atmosphere) to produce ammonia, a key 

ingredient in the production of mineral nitrogenous fertilizers. The increase in reactive N made it 

possible to increase agricultural production and supported the increase in human population. More 

than 100 years after its invention, the Haber-Bosch process remains the most economical 

anthropogenic means of fixing N and is responsible for sustaining nearly 40 per cent of the current 

world population due to its ability to increase agricultural yields. The annual rate of production of 

reactive N with the Haber-Bosch process now exceeds that from natural sources.   

Specialisation and Intensification  

In West Europe there has been a strong trend towards intensification and specialisation after WWII. In 

Eastern Europe both intensification and specialisation could be noted (especially in large state or 

collective farms) as extensive mixed farming (especially in small, subsistence farms). Intensification 

and specialisation can lead to nutrient imbalances. Regions specialised in livestock raising import feed 

from other regions, combined with high livestock densities this often lead to high N surpluses, while 

regions specialised in crop production are depending on the import of fertilizers to avoid N deficits. 

High N surpluses are also often found in intensive crop-specialist regions due to excessive use of 

fertilizers. In general N inputs and outputs are more balanced in mixed extensive farming systems 

however these are often found in marginal areas and risks of further extensification or land 

abandonment can exist. Intensive livestock rearing also adds to environmental pollution through 

emissions of methane and reactive N during animal housing and manure storage.  

http://www.physicalgeography.net/physgeoglos/i.html#inorganic
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2189&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2188&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2182&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2174&l=
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Environmental pollution  

In Europe the excess availability of reactive N has resulted in diverse environmental problems. 

Excessive use of manure and fertilizers can increase the amount of nitrates in the soil and therefore 

increase the risk of N leaching and N2O and NO volatilisation. Depending on the amount of nitrate in 

the soil, the type of soil and the amount of rainfall and use of water and nitrate by plants, nitrate can 

leach into surface and groundwater, contributing to pollution of drinking water and eutrophication of 

surface waters. Denitrification depends on the amount of organic matter, soil water content, soil 

oxygen supply, soil temperature, soil nitrate levels and soil pH. N2O is a potent greenhouse gas and 

contributes to climate change. Nitric oxide (NO) contributes to smog. A part of N in fertilizers and 

manure applied to the soil, and in a lesser degree in decaying plants, is transformed into ammonia 

(NH3) and emitted into the air. This process also occurs in manure and fertilizers during storage and in 

animal housings. Ammonia emissions contribute to acidification, eutrophication and atmospheric 

particulate pollution. This process also occurs in manure and fertilizers during storage and in animal 

housings. Farmer practices such as direct incorporation of fertilizers and manure into the soil, or 

coverage of manure storage facilities can decrease the risk of ammonia volatilisation, however 

increase the N input into the soil and therefore the risk of N leaching and run-off and N2O and NO 

volatilisation. Ammonia emissions contribute to acidification, eutrophication and atmospheric 

particulate pollution. A part of N in manure volatilises as NO and N2O during storage, and N2O in 

animal housing, contributing to climate change, smog and acid rain.  

There are interactions between emissions to the atmosphere and leaching of N. For example, reducing 

the possibility of N to volatilise during animal housing, storage and application of manure to the land, 

means that a higher amount of N is available in the manure applied to the soil, increasing the 

availability of N for plant uptake, but on the other hand also increasing the potential risk of N leaching 

and run-off.  Thus the reduction of N volatilisation and risks to climate change, acidification etc., 

might come at the cost of increasing the risk of water pollution, eutrophication etc.  

Other human interventions 

Not only agriculture has influenced the nitrogen cycle, for instance the introduction of sewage 

systems and industrialisation has also altered the cycle. Human excretion is nowadays collected in 

sewage and is released with or without treatment into waterways. Industrial combustion processes, 

e.g. in car engines, lead to emissions of NO, NO2.  

1.2. The Phosphorus cycle 

1.2.1. Introduction 

Phosphorus (P) is important to all life. It is required for all organisms to live and grow because it is an 

essential and non-substitutable component of DNA and RNA and is important for the transfer of 

energy in organisms. P is often the limiting element for plant growth, as the plant-available P in soils 

is often very low. P in contrast with N is not part of a global ecological cycle; large amounts of P (in 

the same magnitude of crop uptake) are lost by erosion and end up in ocean sediments. Recycling 

from ocean sediments takes place during a period of millions of years. P can therefore be considered 

as a finite resource.  

The global phosphorus cycle has four major components: (i) tectonic uplift and exposure of P-bearing 

rocks to the forces of weathering; (ii) physical erosion and chemical weathering of rocks producing 

soils and providing dissolved and particulate P to rivers; (iii) riverine transport of P to lakes and the 

ocean; and (iv) sedimentation of P associated with organic and mineral matter and burial in sediments. 

The cycle begins anew with uplift of sediments into the weathering regime. 

For agriculture the phosphorus cycle in soils is of importance. This chapter therefore focus on the 

phosphorus cycle in soils. 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Eutrophication
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Greenhouse_gas_(GHG)
http://ec.europa.eu/dgs/clima/mission/index_en.htm
http://www.visionlearning.com/library/pop_glossary_term.php?oid=2189&l=
http://www.eea.europa.eu/publications/92-826-5409-5/page031new.html
http://www.eea.europa.eu/data-and-maps/indicators/emission-of-particulates-eu-15
http://www.eea.europa.eu/data-and-maps/indicators/emission-of-particulates-eu-15
http://www.eea.europa.eu/publications/92-826-5409-5/page031new.html
http://www.eea.europa.eu/data-and-maps/indicators/emission-of-particulates-eu-15
http://www.eea.europa.eu/data-and-maps/indicators/emission-of-particulates-eu-15
javascript:WinOpen('/library/pop_glossary_term.php?oid=2171&l=','Glossary',500,300);
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1.2.2. Forms of Phosphorus in soils 

In soils P may exist in many different forms. In practical terms, however, P in soils can be thought of 

existing in 3 "pools": 

Solution P pool  

This pool is very small. The P dissolved in the soil solution will usually be in the orthophosphate 

form, but small amounts of organic P may exist as well. Plants will only take up P in the 

orthophosphate form. The solution P pool is important because it is the pool from which plants take 

up P and is the only pool that has any measurable mobility. Most of the P taken up by a crop during a 

growing season will probably have moved only an inch or less through the soil to the roots. A 

growing crop would quickly deplete the P in the soluble P pool if the pool was not being continuously 

replenished. 

Active P pool  

This pool is the main source of available P for crops. It contains P in solid form which is relatively 

easily released to the soil solution, the water surrounding soil particles. As plants take up phosphate 

from the solution P pool, the concentration of phosphate in solution is decreased and some phosphate 

from the active P pool is released. The ability of the active P pool to replenish the soil solution P pool 

in a soil is what makes a soil fertile with respect to phosphate. The active P pool will contain 

inorganic phosphate that is attached (or adsorbed) to small particles in the soil, phosphate that reacted 

with elements such as calcium or aluminum to form somewhat soluble solids, and organic P that is 

easily mineralized. Adsorbed phosphate ions are held on active sites on the surfaces of soil particles. 

The amount of phosphate adsorbed by soil increases when the amount of phosphate in solution 

increases and vice versa. Soil particles can act either as a source or a sink of phosphate to the 

surrounding water depending on conditions.  

Fixed P pool 

This pool contains inorganic phosphate compounds that are very insoluble and organic compounds 

that are resistant to mineralization by microorganisms in the soil. Phosphate in this pool may remain 

in soils for years without being made available to plants and may have very little impact on the 

fertility of a soil. Some slow conversion between the fixed P pool and the active P pool does occur in 

soils. 

1.2.3. P transformation processes in soils 

Weathering  

Soils naturally contain P-rich minerals, which are weathered over long periods of time and slowly 

made available to plants. This reaction increases the availability of P to plants. 

Precipitation 

Phosphate precipitation is a very slow process in which P reacts with another substance to form a 

solid mineral. As phosphate is removed from the soil solution this reaction decreases the availability 

of P to plants.  

Mineralization  

The release of inorganic P from organic P is called mineralization and is caused by microorganisms 

breaking down organic compounds. The activity of microorganisms is highly influenced by soil 

temperature and soil moisture. The process is most rapid when soils are warm and moist but well 

drained. This reaction increases the availability of P to plants. 

Immobilization 

The reverse process of mineralization, immobilization, refers to the tie-up of plant-available P by soil 

minerals and microbes that use phosphorus for their own nutritional needs. This reaction reduces the 

availability of P to plants.  
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The availability of P is primarily dependent upon the pH of the soil. Soil pH levels indicate how 

certain minerals – iron, aluminum, and calcium – interact with P in the soil, and it is this interaction 

that affects P availability. When the soil pH is less than 5, iron and aluminum concentrations are very 

high and react very quickly with P, creating iron or aluminum phosphate minerals. When the soil pH 

is more than 7, calcium concentrations are very high and P fixation with calcium occurs. P fixation 

occurs to some degree for all soils - even for pH levels from 6 to 7. This pH range is where P 

availability is at its highest and fixation due to iron, aluminum, and calcium is at its lowest.  

Microbes may compete with plants for P, if the decomposing organic materials are high in carbon and 

low in N and P (e.g. wheat straw). Mineralization and immobilization occur simultaneously in soil. If 

the P content of the organic material is high enough to fulfil the requirements of the microbial 

population, then mineralization will be the dominant process.  

Adsorption 

Adsorption is the chemical binding of plant available P to soil particles, which makes it unavailable to 

plants. This is a rather quick process, whereas the opposite process, desorption, is usually a slow 

process. Adsorption differs from precipitation: adsorption is reversible chemical binding of P to soil 

particles while precipitation involves a more permanent change in the chemical properties of the P as 

it is removed from the soil solution. 

Since phosphate is an anion, particles that generate an anion exchange capacity (e.g. aluminum and 

iron oxides) will form strong bonds with phosphate. Additionally, in calcareous soils adsorption may 

occur as phosphates sorb to impurities such as aluminum and iron hydroxides or displace carbonates 

in calcium carbonate minerals. The soil mineral types therefore affect the P adsorption, volcanic soils 

and highly weathered soils have high P adsorption capacities. As the amount of clay increases in the 

soil, the P-sorption capacity increases as well. This is because clay particles have a tremendous 

amount of surface area for which phosphate sorption can take place. At low pH, soils have greater 

amounts of aluminum in the soil solution, which forms very strong bonds with phosphate. Generally, 

P-sorption increases as temperature increases. Organic matter can reduce the adsorption capacity and 

therefore increase the P availability for plants; e.g. organic anions can displace sorbed phosphate, it 

coats aluminum and iron oxides, which reduces P sorption. Flooding the soil reduces P-sorption by 

increasing the solubility of phosphates that are bound to aluminum and iron oxides and amorphous 

minerals. 

Desorption 

Desorption is the release of adsorbed P from its bound state into the soil solution. Other anions, such 

as silicates, carbonates, sulphates, arsenate, and molybdate, compete with phosphate for a position on 

the anion exchange site. As a result, these anions can cause the displacement, or desorption, of 

phosphate from the soil exchange site. Desorption causes phosphate availability in the soil solution to 

increase.  

1.2.4. Agriculture and soil P cycle 

In natural systems P is taken up by plants from the soil, utilized by animals that consume plants, and 

returned to soils with animal excretion and decay of plants and animals. Much of the P used by living 

organisms becomes incorporated into organic compounds. Organic P is held very tightly by the soil 

and is generally not available for plant uptake until the organic materials are decomposed and the P 

released via the mineralization process. The P which becomes available for plant uptake can however 

also potentially be lost through soil erosion and to a lesser extent to water running over or through the 

soil.  

The natural level of phosphate in the soil is very low and is limiting to plant growth. Many natural 

ecosystems and low-input farming systems have adapted to low P supply by recycling from litter and 

soil organic materials. In modern agriculture most of the nutrients removed from the soil with the 

harvest of crops and the consumption of animal products do not return to the agricultural soil, a 

substantial part ends up for instance in human excreta and ends up through the sewage system in 
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rivers and the sea. To sustain soil fertility with high levels of productivity external nutrient inputs are 

required. A breakthrough by means of the external application of phosphate occurred in the 19th 

century with the mining of phosphate deposits. This was one of the preconditions for the increase in 

agricultural production and for the increase in the world population from approximately 1 billion 

people in 1850 to the current population of 6.8 billion. Nowadays agriculture in Europe has become 

largely dependent on imports of phosphate for fertilizers; very little is mined in the EU. External P-

inputs have however also decoupled patterns of supply, consumption and waste products from natural 

nutrient cycles. The paragraph on specialisation and intensification in Europe in section 1.1.7 also 

applies to Phosphorus.  

It should be noted that not all of P in fertilizers and manure applied to soils are directly available to 

the plant; a part is converted from the active P pool to the fixed P pool (see subchapter 1.2.2). 

Opposite to N, soils can store excessive P inputs depending on the soil P capacity. However, an 

important aspect of the ability of a soil to hold phosphate is that a soil cannot hold increasing amounts 

of phosphate in the solid phase without also increasing soil solution phosphate. Increased amounts of 

phosphate in solution will potentially cause more phosphate to be lost to water running over the soil 

surface or leaching through the soil. Loading soils with very high levels of phosphate will generally 

not hurt crops but may result in increased phosphate movement to nearby bodies of water. Morgan, 

1997 estimated that 25% or less of P applied annually is actually taken up by the growing crop; the 

remaining 75% becomes bond in the soil profile or is lost to the water. The crop uptake of P is in 

sharp contrast to the crop use of N and K fertilizers, where the recovery in the season of application 

can be as high as 80% according to Bomans et al, 2005. Yield and therefore the uptake of P by crops 

is not only determined by inputs but also by uncontrollable factors like climate. Due to their role in 

the eutrophication of surface waters, diffuse P losses from agricultural land to water have become a 

major environmental concern in many European countries. In many catchments agriculture is the 

major contributor of P to surface waters today. While a surplus of P is potentially damaging to the 

environment, a deficiency of it can impair the resource sustainability of agriculture soil through soil 

degradation, or soil mining, resulting in declining fertility in areas under crop or forage production.  
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2. NUTRIENT BUDGETS 

2.1. Introduction 

A nutrient budget estimates the nutrient surplus as the difference between nutrient inputs and nutrient 

outputs for a certain boundary. Nutrient budgets for agriculture can be distinguished by the definition 

of the boundary (farm, soil or land) they refer to. The nutrient budgets, which are the subject of this 

Handbook, can be categorised as following the land budget approach (the different types of budgets 

are discussed in the next paragraph). Different terms are in use to describe nutrient budgets estimated 

following a land, a soil or a farm budget approach. The term ''Gross Nitrogen Balances'' was 

introduced by the OECD to distinguish this type of budget (which is estimated based on the land 

budget approach) from the other types of budgets for Nitrogen. The term ''gross'' refers to the fact that 

the main result of the budget, the Gross Nitrogen Surplus, includes all N emissions to the air. Other 

approaches to estimate nitrogen budgets, e.g. soil (surface) budgets, result in N surpluses excluding 

(i.e. 'net' of) N emissions occurring before the application of manure and fertilizers to the soil.  

Nutrient budgets provide insight into links between agricultural nutrient use, losses of nutrients to the 

environment, and sustainable use of soil nutrient resources. Sustainability could in this context be 

defined as preserving and/or improving the level of production without degrading natural resources. 

Nutrient budgets estimate nutrient surplus from nutrient inputs to the soil and nutrient outputs from 

the soil. Nutrient stock changes in the soil are a specific case as they are difficult to quantify. 

Therefore, in the current version of the handbook, they are accounted in the surplus.  

Nutrient budgets provide valuable information about the link between agricultural activities and 

environmental impacts of nutrient use and management in agriculture. Nutrient budgets can be used to 

determine areas at risk of nutrient pollution (when estimated at low regional levels), to identify 

driving factors behind nutrient pollution resulting from agriculture and to follow trends over time.  

2.2. Types of nutrient budgets 

There are basically three approaches7 to estimate nutrient budgets: 

(1) Farm budget 

(2) Soil budget 

(3) Land budget 

The differences between the three approaches are explained by the boundaries by which the budget is 

defined. The farm budget is constructed in the boundaries of the farm and records the nutrients in all 

kinds of products that enter and leave the farm-gate. It should be noted that this does not mean that 

this type of budget can only be estimated for individual farms. The budget can also be calculated at a 

country level with the farm budget approach, in that case the whole farming sector in a country is 

considered as a single farm.  

The land and soil approaches have many similarities. The soil budget takes the soil as the boundary. 

Only nutrient inputs to the soil and nutrient outputs from the soil are taken into account. The soil 

budget therefore requires data on manure and fertilizer applications to the soil. The land budget 

approach aims to estimate the total nutrient at risk of pollution (air, soil and water). The land budget 

therefore requires data on excretion.  

For the Phosphorus Budget the land and soil budget are comparable.  

                                                      

7 A discussion of these three approaches can be found in the final report of DireDate on Task 3 and the article 

''Farm, land, and soil nitrogen balances for agriculture in Europe calculated with CAPRI'', by Leip, A. et al.  

 

http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-RA-11-024
http://www.sciencedirect.com/science/article/pii/S0269749111000625
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For the Gross Nitrogen Budget the soil and land budgets are slightly different: N which volatilizes 

before the application of manure and fertilizers (e.g. in animal housing, manure storage etc.) is not 

included in the budget calculations using a soil budget approach. The soil nitrogen budget estimates 

the N surplus excluding N emissions before application, which provides a more accurate estimation of 

the N at risk of leaching and run-off. The nitrogen budget following the land budget approach requires 

data on excretion (N losses through volatilisation are included in excretion as excretion coefficients to 

translate animal numbers into nutrients excreted represent the nutrient content at the time of 

excretion). The N surplus estimated with the land budget therefore includes N emissions to the air 

during animal housing and manure management.  

Table 1. N inputs, outputs and surpluses in farm, land and soil budgets (Leip et al, 2011) 

  

http://www.sciencedirect.com/science/article/pii/S0269749111000625
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Table 1 shows a summary of these three types of approaches to estimate nitrogen budgets. It shows 

clear differences in: 

a) Data requirements to estimate the budgets  

It must however be noted that though there are theoretical differences in the data required by these 

approaches, in practice data for all these three approaches are more or less required regardless of 

which approach is taken to estimate nitrogen budgets and to estimate Greenhouse Gas (GHG) and 

ammonia (NH3) emissions:  

 DireDate recommends estimating the budgets with the farm and the land/soil approach to be 

able to cross-check and improve the results.  

 Data on animal feed including grassland products are required to estimate and improve 

excretion coefficients and to capture farmer mitigation actions by changing animal diets. 

 Excretion coefficients are needed to fulfil the requirements for GHG and NH3 emissions 

inventories. 

b) Nitrogen surplus estimated 

In principle the N surplus estimated with the farm or land budget as described in Table 1 includes N 

gas emissions, whereas the N surplus estimated with the soil budget approach excludes N gas 

emissions occurring before application of manure to the soil. In some variances of the soil budget, 

direct emissions from the application of manure and fertilizers are also excluded. An N surplus 

excluding N gas emissions can also be derived from the land and farm approaches by deducting them 

from the estimated total N surplus. Vice versa, a total N surplus can be estimated from the soil budget 

approach by adding the excluded N gas emissions to the estimated surplus.  

c) Stock changes of nitrogen in the soil 

Soil resources of N can be depleting (e.g. under cultivation of drained peat lands) or accumulating 

when building up new organic matter in the soil (e.g. under appropriate crop residue and manure 

management, or in no-tillage systems). From Table 1 it can be seen that in principle stock changes in 

the soil should be considered in the soil budget at the output side of the budget.  

The reasons for including the changes in the N stock of the soil are:  

 Changes in soil organic matter content happen within the system boundaries, while emissions 

of gaseous N or losses of N to the hydrosphere is a flux of N across system boundaries (be it 

farm, land or soil). 

 Changes in soil N-stocks are reversible, while the fate of reactive N released to the environment 

is not any more under control of farmers. A farmer has however the possibility to switch from 

an N-depleting to an N-accumulating management and the accumulated N can be regarded as a 

‘useful product’ of his activities. Accordingly, useful crop and animal products generated at the 

cost of the soil’s quality are adjusted by the amount of N-depletion. Neglecting soil stock 

changes would lead e.g. to very high NUEs in situations where crop production predominantly 

draws on available soil nitrogen often in a non-sustainable manner, as can be observed in the 

results obtained in a study using the IMAGE model for many African and Latin American 

countries (Bouwman et al, 2009).  

In the farm and land N-budgets, the N which adds to soil N accumulation or depletion is included in 

the N surplus. It could be argued however to adapt the land budget to include changes in the N stock 

of the soil in the output side as well. Soil fertility is an important service of agriculture. Inclusion of 

soil N-stock changes in the output, would  mean that all production that is at the cost of soil depletion 

would not be considered as output (output – negative stock changes) and low productivity will be 

rewarded if the management leads at the same time to increases in soil organic matter and nitrogen 

(output + positive stock changes). The resulting surplus would not include the N which is added or 

extracted from the stock of N in the soil.  
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However, currently the data on stock changes in the soil is insufficient available or of insufficient 

quality. Therefore, in the current land budget approaches for Gross Nitrogen budgets and Phosphorus 

Budgets changes of nutrient stocks are not requested to be quantified and thus – in practice – soil 

nutrient stock changes in the soil remain in the surplus. It must be noted, however, that this practice is 

limited to situations where on average no soil nutrient stock changes occur or where changes are 

positive (i.e. accumulation of nutrients in the soil). As calculation for different regions in Turkey have 

shown (Ozbek et al., in preparation), neglecting soil stock changes in the output terms leads to 

problematic results as soon as the data are used to derive efficiency indicators or when comparing 

regions/countries. 

In the Task Force meeting on Gross Nutrient Balances in 2011 participants mentioned the following 

arguments in favour and against different types of budgets: 

Farm budget  

Advantages 

 Most integrative, most meaningful indicator overall N pressure agricultural activities (see e.g. 

Bach, 2005. Nevens et al, 2006. Oenema et al, 2003. Schröder et al, 2004).  

 Most accurate estimation according to DireDate and other scientists: throughputs such as 

excretion and home produced fodder do not need to be specified.  

 That's why some countries use this approach for national use.  

 Easiest for the farmer to understand: inputs to and outputs from the farm.  

 Inputs bought and outputs sold should be available from farmers bookkeeping.  

 Data at national scale available from sales, trade and production statistics.  

Disadvantages 

 Some data needed, e.g. animal feed, not everywhere available and difficult to survey.  

 Not always easy to assign nutrient contents to individual feeding stuff such as to vegetable 

cakes and meals which can vary by some degree.  

 Data are not available at regional level. 

Soil budget 

Advantages: 

 More meaningful indicator for identifying aquatic risk. 

 More appropriate approach to disaggregate to regional level (data availability). 

Disadvantages: 

 Data on manure applied required, which are often not available and difficult to collect. 

Therefore often estimated based on excretion corrected for volatilisation of N before 

application.  

Land budget 

Advantages: 

 Long experience: the Eurostat/OECD GNB corresponds to the land N budget. 

 Coherence with GHG and NH3 estimations. 

 More appropriate approach to disaggregate to regional level (data availability). 

 

http://www.google.com/url?sa=t&rct=j&q=assessment%20of%20agricultural%20nitrogen%20balances%20for%20municipalities%20e%20example%20baden-wuerttemberg%20(germany)&source=web&cd=1&ved=0CDkQFjAA&url=http%3A%2F%2Fforum.eionet.europa.eu%2Fnrc-eionet-freshwater%2Flibrary%2Fagri-water_meeting%2Fmunicipalitiespdf%2Fdownload%2F1%2FPaper_Bach_Frede_N_Balances_Municipalities.pdf&ei=-K9SUeGRLs3DPLaGgKgJ&usg=AFQjCNGjFxHR7tWIIb6o5P7s8h_xYWi-Hw&bvm=bv.44342787,d.ZWU
https://biblio.ugent.be/input/download?func=downloadFile&recordOId=364201&fileOId=575303
http://www.google.com/url?sa=t&rct=j&q=''approaches%20and%20uncertainties%20in%20nutrient%20balances%3A%20implications%20for%20nutrient%20management%20and%20environmental%20policies''&source=web&cd=2&ved=0CDsQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F223838176_Approaches_and_uncertainties_in_nutrient_budgets_implications_for_nutrient_management_and_environmental_policies%2Ffile%2F8d1c84f8f1c8a10762.pdf&ei=nrRSUfaTNISqO6nvgAg&usg=AFQjCNF2QJCfnnrp8m5FcTofk5N5DDuCTA&bvm=bv.44342787,d.ZWU
http://ac.els-cdn.com/S1462901103001424/1-s2.0-S1462901103001424-main.pdf?_tid=c6ca30c0-96bc-11e2-9d55-00000aab0f02&acdnat=1364375010_ae75ea94ba315f4cc725950bed346895
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Disadvantages: 

 Data on manure and fodder production are required. Measured data generally not available and 

are therefore generally estimated with model calculations.  

The land budget approach has been agreed by members of the Eurostat Working Group on AEI and 

other relevant stakeholders to be most appropriate to estimate the Gross Nitrogen Budget and the 

Phosphorus Budget required by Eurostat/OECD and other Commission institutes. 

2.3. The Gross Nitrogen Budget 

The Gross Nitrogen Budget (GNB) estimates the Gross Nitrogen Surplus (GNS). The GNS represents 

an indication of the total potential risk of N agriculture poses to the environment (N emissions to the 

air, leaching and run-off to waters) and depletion/accumulation of N in the soil. A persistent N surplus 

indicates potential risks of N leaching and run-off to water, emissions to the air. This could lead to 

environmental problems such as nitrate pollution of ground- and surface water, emissions of N2O a 

potent greenhouse gas, NH3 contributing to acidification etc. A persistent nitrogen deficit indicates a 

potential risk of decline in soil fertility which can also lead to other soil related problems such as 

erosion. In practice, depletion of soils with nutrients does not avoid that emissions of nutrients to the 

environment occur.  

It is important to note that the GNB can only indicate a potential risk to the environment. The actual 

risk of N leaching, run-off and volatilisation or changes in soil stocks of N depend on many factors 

such as meteorological conditions, soil characteristics, farmer management practices etc. Not all of 

these factors are taken into account in the estimation of the GNB. The actual risks of N surplus to air 

and water are better represented by the European Commission agri-environmental indicators 18 

''Ammonia emissions'', 19 ''GHG emissions'' and 27.1 ''Water quality (Nitrate pollution)''. Data on the 

state and accumulation or depletion of N stocks in the soil are currently not available.  

For the ideal methodology the changes in N stock of the soil are accounted in the output side of the 

budget, see previous paragraph. In that case the GNS consists of N emissions to the air and 

leaching/run-off to the water and can be split in a part which is definitely emitted to the air, the 

atmospheric Gross Nitrogen Surplus (aGNS), and a part that is potentially leached and run-off to the 

water, the hydrospheric Gross Nitrogen Surplus (hGNS).  

 

Equation 1.                    
 

Equation 2.                    

 

Equation 1 describes the relation between GNS, aGNS and hGNS. aGNS can be estimated directly 

from available data on N emissions, see discussion below. hGNS cannot be estimated directly and is 

estimated as the result of subtracting aGNS from GNS, see Equation 2. 

aGNS is defined as the part of the GNS estimated with the GNB which potentially poses a risk of 

atmospheric N pollution due to direct and immediate N emissions in reactive form.  

Because hGNS is estimated as the result of GNS minus aGNS, it cannot provide an accurate 

indication of nitrate pollution of water. Currently changes in the stock cannot be estimated; they can 

therefore not be accounted for in the output side of the budget, and are therefore numerically included 

in the GNS. As hGNS is estimated as the difference between GNS and aGNS, stock changes in the 

soil are included in hGNS. Emissions of N to the atmosphere which are not included in aGNS due to 

technical reasons (availability of methodologies to estimate emissions and data), indirect N emissions 

after leaching and run-off and immediate and direct emissions of N2 will also end up in hGNS. hGNS 

can only be used as an indication of the potential risk of N pollution of waters.  

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Agri-environmental_indicator_(AEI)
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hGNS can be defined as the part of the GNS estimated with the GNB which potentially poses a risk to 

the aquatic environment due to leaching and run-off and which includes changes to the stock of N in 

the soil and indirect N emissions to the air after leaching and run-off as well as immediate and direct 

emissions of N2. 

In the ideal definition of aGNS all direct and immediate emissions of NH3, NO, N2O from the 

following emission sources are included: 

 animal housing 

 manure management 

 manure storage 

 manure application 

 manure dropped on pastures 

 application of mineral fertilizers 

 application of other organic fertilizers 

 crop residues 

 field burning of agricultural wastes 

Please note that direct N2O emissions due to the cultivation (drainage/management) of high organic 

content soils which are estimated for the United Nations Framework Convention on Climate Change 

(UNFCCC) GHG Inventories following the Revised 1996 Intergovernmental Panel on Climate 

Change (IPCC) Guidelines are not taken into account in this definition. The cultivation of high 

organic content soils leads to enhanced mineralisation of old, N-rich organic matter. As changes of N 

stocks in the soil are not taken into account in the budget, it seems appropriate not to include 

emissions from the cultivation of high organic soils either. 

N2O emissions from biological fixation should also be included to be coherent with the GHG 

Inventories following the revised IPCC 1996 Guidelines. However due to the lack of evidence of 

significant emissions arising from the fixation process itself (IPCC 2006, Vol. 4, Ch. 11.6); these 

emissions will no longer be required to be estimated following the IPCC 2006 Guidelines. Therefore 

they are not included in the definition of aGNS.  

A practical implementation of the estimation of aGNS will be discussed in Chapter 3.16. 

2.4. The Phosphorus Budget 

The Phosphorus Budget (PB) estimates the Phosphorus Surplus (PS). The PS represents an indication 

of the total potential risk of P agriculture poses to the environment (P leaching and run-off to waters) 

and depletion/accumulation of P in the soil. A persistent P surplus indicates potential risks of P 

leaching and run-off to water and increases in the soil stock. This could lead to environmental 

problems such as phosphate pollution of ground- and surface water. A persistent P deficit indicates a 

potential risk of decline in soil fertility which can also lead to other soil related problems such as 

erosion.  

It is important to note that the PB can only indicate a potential risk to the environment. The actual risk 

of P leaching, run-off or changes in soil stocks of P depend on many factors such as meteorological 

conditions, soil characteristics, farmer management practices etc. Not all of these factors are taken 

into account in the estimation of the PB. Data on the state and accumulation or depletion of P stocks 

in the soil are currently not available. Also it should be noted that the accumulation of P over time 

represent a larger actual risk for the environment than the amount of P which is applied yearly, or the 

surplus on today’s balance. This is in contrast of N for which the cumulative N Surplus of the past is 

much less relevant since N hardly accumulates in soils. However, the future risk of P on the 

environment is strongly influenced by the P surplus of today and the near future, in combination with 
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the capacity of a soil to bind P. This is why the PB on its own is not sufficient to indicate areas at risk 

of P pollution. Therefore to evaluate risks of P pollution the European Commission is developing an 

additional indicator to support the evaluation of PB ''Vulnerability to phosphorus leaching/run-off''8.  

  

                                                      

8 More information on this indicator can be found at the website on Agri-Environmental Indicators of Eurostat: 

http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/introduction  

http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/introduction
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3. GUIDELINES TO THE PRACTICAL IMPLEMENTATION OF GNB AND PB 

3.1. Introduction 

Data collection of nutrient budgets in 2010 showed that there is a need to improve data availability 

and quality for some flows. Resources in countries are however limited. This means that there is not 

only a need to prioritise new data collection but also existing data collection to create room for new 

data collection. In this Chapter the ideal GNB and PB are described, as well as guidelines for the 

practical implementation, which is a compromise between the ideal budgets and what can be 

reasonably achieved with limited resources.  

Though in principle the aim is to include all nutrient flows, problems in data availability and quality 

have led to exclude certain flows (which ideally should be included in the nutrient budgets) in the 

described practical implementation of the nutrient budgets, e.g. atmospheric deposition of P, crop 

residue inputs and BNF by free living organisms.  

A further distinction has been made in the practical implementation between flows for which data 

reporting are obligatory and flows for which data reporting is optional. For obligatory flows of the 

practical implementation default estimations procedures are established. Some flows are currently 

optional in the practical implementation because data are not available for all countries and default 

estimations are difficult to establish, e.g. use of other organic fertilizers, manure treatment and non-

agricultural use of manure. For obligatory flows a minimum data reporting requirement is established 

in the practical implementation to ensure a minimum level of comparability and transparency of GNB 

and PB estimations across countries. Countries are however encouraged to go beyond this minimum 

data requirement to provide as much as possible complete information on the flow.  

Obviously, the best available estimate is required. If countries are able to estimate one or more flows 

following the ideal budget, they should do so.   

Table 2 shows an overview and the differences between current GNB following the OECD/Eurostat 

Handbook on Nitrogen Balances (2007) and ideal GNB and practical implementation as described in 

this Chapter. The ideal GNB includes all flows from and to agricultural soils and estimates total GNS, 

aGNS and hGNS following the land budget approach for the reference area. The practical 

implementation is based on discussions with stakeholders, Member States delegates, and results from 

DireDate etc. The practical implementation of the ideal GNB is represented in the third column of 

Table 2. In a similarly Table 3 shows an overview and differences between the current PB following 

the OECD/Eurostat Handbook on Phosphorus Balances (2007) and the ideal and practical 

implementation of the PB as described in this Chapter.  

In subchapter 3.2 to 3.4 the statistical limit of nutrient budgets are defined. In subchapters 3.5 to 3.16 

particular flows of the budgets are discussed in more detail, following a common structure: 

(1) Definition. 

Definitions are provided for terms used. 

(2) Description in Ideal and Practical implementation of GNB and PB. 

In the box the nutrient flow is defined in the ideal GNB and PB and under its practical 

implementation. 

(3) Guidelines on practical implementation. 

Guidelines are provided for the practical implementation and a minimum data requirement is 

formulated. For some flows the guidelines cannot be considered final as improvements are expected 

in the future. The actions to improve the flows accounting in the future are listed in the last section of 

each subchapter. For sections which are likely to be updated in the future this is noted at the beginning 

of the section.   
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(4) Discussion. 

Differences with the OECD/Eurostat Handbooks 2007 are discussed.  

(5) Coherence with UNFCCC/UNECE. 

In this section the coherence between the Handbook and the IPCC Guidelines and EMEP/EEA 

Guidelines are discussed. Due to a difference in definition of agriculture, see subchapter 3.2, between 

the Handbook and IPCC and EMEP/EEA, for some flows data to be reported in GNB may deviate 

slightly from data reported to UNFCCC and EMEP/EEA. These deviations are discussed in this 

section.  

(6) Default estimation procedure. 

The default estimation procedure is described which will be applied by Eurostat in case that a country 

cannot submit the required data. 

(7) Actions foreseen. 

GNB and PB estimations are expected to be improved in the coming years, in terms of improved 

quality of data, data availability, definitions etc. In this section actions are listed for flows in the 

budgets for which actions can be expected to lead to an update of the subchapter in the Handbook.  
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Table 2. Current, ideal and proposed improved Gross Nitrogen Budgets 

Current GNB Ideal GNB Practical GNB 

INPUTS 

N1) Mineral fertilizers  N1) Mineral fertilizers  N1) Mineral fertilizers  

N2) Manure production  N2) Manure production N2) Manure production 

N3) Net manure import/export, 

withdrawals, stocks 

N3) Net manure import/export, 

withdrawals, stocks 

N3) Net manure import/export, 

withdrawals 

N4) Other organic fertilizers N4) Other organic fertilizers N4) Other organic fertilizers 

N5) Biological N fixation N5) Biological N fixation N5) Biological N fixation 

N6) Atmospheric N deposition N6) Atmospheric N deposition N6) Atmospheric N deposition 

N7) Seed and planting materials N7) Seed and planting materials N7) Seed and planting materials 

 N8) Crop residues inputs  

N9) Total inputs = sum 

(N1,N2,N3,N4,N5,N6,N7) 

N10) Total inputs = sum 

(N1,N2,N3,N4,N5,N6,N7,N8) 

N11) Total inputs = sum 

(N1,N2,N3,N4,N5,N6,N7) 

OUTPUTS 

N12) Crop production N12) Crop production N12) Crop production 

N13) Fodder production N13) Fodder production N13) Fodder production 

N14) Crop residues outputs  N14) Crop residues outputs N16) Residues removed /burnt 

 N15) Stock changes of N in soil  

N17) Total outputs = sum 

(N12, N13, N14) 

N18) Total outputs = sum 

(N12, N13, N14, N15) 

N19) Total outputs = sum 

(N12, N13, N16) 

SURPLUS 

N20) GNS = N9 – N17 N21) GNS = N10 - N18 N24) GNS = N11 - N19 

 N22) aGNS = N gas emissions  N22) aGNS = N gas emissions  

 N23) hGNS = N21 – N22 N25) hGNS = N24 - N22 
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Table 3. Current, ideal and proposed improved Phosphorus Budgets 

Current PB Ideal PB Practical PB 

INPUTS 

P1) Mineral fertilizers  P1) Mineral fertilizers  P1) Mineral fertilizers  

P2) Manure production  P2) Manure production P2) Manure production 

P3) Net manure import/export, 

withdrawals, stocks 

P3) Net manure import/export, 

withdrawals, stocks 

P3) Net manure import/export, 

withdrawals 

P4) Other organic fertilizers P4) Other organic fertilizers P4) Other organic fertilizers 

P6) Atmospheric P deposition P6) Atmospheric P deposition  

P7) Seed and planting materials P7) Seed and planting materials P7) Seed and planting materials 

 P8) Crop residues inputs  

P9) Total inputs = sum 

(P1,P2,P3,P4,P6,P7) 

P10) Total inputs = sum 

(P1,P2,P3,P4,P6,P7,P8) 

P11) Total inputs    = 

sum(P1,P2,P3,P4,P7) 

OUTPUTS 

P12) Crop production P12) Crop production P12) Crop production 

P13) Fodder production P13) Fodder production P13) Fodder production 

P14) Crop residues outputs P14) Crop residues outputs P16) Crop residues removed  

 P15) Stock changes of P in soil  

P17) Total outputs                     

= sum(P12, P13, P14) 

P18) Total outputs                     

= sum(P12, P13, P14, P15) 

P19) Total outputs                     

= sum(P12, P13, P16) 

SURPLUS 

P20) PS = P9 – P17 P21) PS = P10 - P18 P22) PS = P11 - P19 

 

  



 -  Page 29 / 112 
Document Version 1.02 dated 04/03/2013 
 

3.2. Agriculture 

3.2.1. Definitions 

Agriculture covers all agricultural holdings within a country. An ‘agricultural holding’ means a 

single unit, both technically and economically, which has a single management and which undertakes 

agricultural activities listed under NACE Rev2 Chapter 019, within the economic territory of the 

country, either as its primary or secondary activity.  

3.2.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:  The nutrient budget records nutrient flows of agriculture at appropriate regional level. 

Practical:  The nutrient budget records nutrient flows of agriculture at NUTS0. 

 

3.2.3. Guidelines on practical implementation 

Nutrient flows should be reported for all agricultural holdings within a country as defined in section 

3.2.1. 

3.2.4. Discussion 

A clear definition was not provided in OECD/Eurostat Handbooks 2007. Agriculture as described in 

section 3.2.1 provides a narrower description of nutrient flows to be recorded in nutrient budgets than 

nutrient flows which have been included under agriculture in IPCC Guidelines, European Monitoring 

and Evaluation Programme (EMEP)/ European Environment Agency (EEA) Guidebook or current 

draft guidance document of the Gothenburg protocol, see section 3.2.5. In the Working Group 

meeting on AEI in February 2013 it was decided to use this stricter definition, to better describe risks 

of nutrient pollution in agriculture. Differences between data reported on flows to UNFCCC, UNECE 

and in nutrient budgets due to the use of this narrower definition in GNB are noted in the separate 

subchapters on the different flows of the nutrient budgets (see also section 3.2.5).  

3.2.5. Coherence with UNFCCC/UNECE 

In IPCC Guidelines and EMEP/EEA Guidebook under ‘Agriculture’ activities leading to NH3 and 

GHG emissions are defined. Sometimes these activities are however not solely related to agriculture; 

e.g. under Revised IPCC 1996 Guidelines all mineral fertilizer use should be reported, also those for 

non-agricultural uses (city parks, golf courses etc.), whereas in nutrient budgets only mineral fertilizer 

use by agriculture should be reported. Some countries take into account livestock outside agricultural 

holdings when estimating excretion and emissions for UNFCCC/UNECE reporting, while in GNB 

only livestock held on agricultural holdings should be included. Such differences in activity data may 

also lead to differences in estimated emissions to be taken into account in GNB (see subchapter 3.16) 

and data reported to UNFCCC/UNECE. Whenever such differences occur, they are described in 

sections ‘Coherence with reporting requirements UNFCCC/UNECE’ of the separate subchapters on 

flows in the nutrient budgets. 

3.2.6. Default estimation procedure 

Not applicable. 

                                                      

9 NACE is the statistical classification of economic activities in the European Community.  

 

http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-RA-07-015
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3.2.7. Actions foreseen 

Eurostat is coordinating with EPNB on improving the definition of agriculture in nutrient budgets of 

Eurostat and the national nitrogen budgets. 

3.3. Reference area  

3.3.1. Definitions 

Utilized Agricultural Area (UAA) is the total area taken up by arable land, permanent grassland, 

permanent crops and kitchen gardens used by agricultural holdings, regardless of the type of tenure or 

whether it is used as common land (Regulation EC No 543/2009).  

3.3.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   Total UAA at appropriate regional level. 

Practical:  UAA as reported in Crop Statistics at NUTS0.  

 

3.3.3. Guidelines on practical implementation 

This section may be updated in the future, following actions listed in section 3.3.7, see also the 

discussion in section 3.3.4. 

Data on UAA as reported in Crop Statistics at NUTS0 level (Regulation (EC) No 543/2009).  

3.3.4. Discussion 

In the OECD/Eurostat Handbooks 2007 the following was stated on the reference area: "ideally the 

balance result should be related to the area of agricultural land which is potentially fertilised, to 

avoid a bias in the result for countries with large extensive and not utilised areas". From this 

definition it is not clear how to interpret potentially fertilised UAA, bias and extensive areas. 

Interpretations therefore varied and some countries excluded certain areas whereas others did not 

exclude such areas. After several discussions with countries and other stakeholders10 involved it was 

agreed to define the reference area as the total UAA.   

Arguments for total UAA include:  

 Consistency with other indicators: AEI indicators linked to nutrient budgets are based on total 

UAA (e.g. GHG and NH3 emissions, crop and livestock patterns). Indicators on agriculture in 

general refer to UAA.  

 UAA covers total agricultural activities on soils. 

 Data on UAA of EU countries have been collected annually in Crop Statistics for many years 

and can be considered of high quality and consistent across countries and time. However 

certain problems exist, e.g. inconsistencies for some countries with other land use statistics11 

                                                      

10 The reference area in the 2010/2011 data collection was the sum of arable land, permanent grassland and land 

under permanent crops, see presentation on nutrient balances of WG meeting on AEI March 2011. Discussions 

in WG meetings and with stakeholders continued on the definition of the reference area, see for example 

document  and MS reactions on reference area WG meeting on AEI February 2012. 

11 See document  for Crop statistics WG October 2011. 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Utilised_agricultural_area_(UAA)
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Arable_land
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Permanent_grassland
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Permanent_crops
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Kitchen_gardens
http://eur-lex.europa.eu/Notice.do?val=497188:cs&lang=en&list=497188:cs,&pos=1&page=1&nbl=1&pgs=10&hwords=&checktexte=checkbox&visu=#texte
https://circabc.europa.eu/sd/d/183f5fc6-7a75-45f9-a672-b78fe3e09dac/Nutrient%20Balances.pdf
https://circabc.europa.eu/sd/d/b9713a68-7ee1-4486-a91b-3d16f393141c/2.1.1%20Gross%20Nutrient%20Balances%20-%20Methodology.pdf
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id3&FormPrincipal_SUBMIT=1&id=fc3db6b5-fcf1-40b8-b533-50b549a731b1&javax.faces.ViewState=rO0ABXVyABNbTGphdmEubGFuZy5PYmplY3Q7kM5YnxBzKWwCAAB4cAAAAAN0AAE2cHQAKy9qc3AvZXh0ZW5zaW9uL3dhaS9uYXZpZ2F0aW9uL2NvbnRhaW5lci5qc3A=
https://circabc.europa.eu/sd/d/0f0dca77-4098-437e-8848-7955196e1b1f/ESTAT_ASA_PE_782_Land_use_data-final.pdf
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and coverage of non-grassland grazing areas12. The coverage and treatment of extensive grazing 

areas in the reference area will be addressed in the project on grasslands see section 3.3.7.  

It should also be noted that the budgets at national level remain difficult to interpret as they present 

averages for often very heterogeneous areas and structures of agriculture. To identify areas at risk of 

nutrient pollution, the indicator needs to be estimated at sufficient low geographical scales. Eurostat is 

working with JRC on regionalising nutrient budgets with the CAPRI Model13.  

3.3.5. Coherence with UNFCCC/UNECE 

Not applicable. 

3.3.6. Default estimation procedure 

UAA as reported in Crop Statistics (Eurobase: apro_cpp_luse) at NUTS0. 

3.3.7. Actions foreseen 

Eurostat has signed a contract in October 2012 with duration of 14 months with the objective to define 

different types of grasslands and their productivity and to describe how data can be collected on these 

different types of grassland in the EU so that a coherent European data set on grasslands is created14. 

Non-grassland grazing areas are also covered by this project. This action is expected to indicate 

measures to improve current data on land use and especially grassland and grazing areas and provide 

recommendations on coverage and treatment of extensive grazing areas in nutrient budgets. 

3.4. Reference period 

3.4.1. Definitions 

The calendar year covers a period starting on 1 January end ending at 31 December. 

A crop year is the duration from one year's harvest to the next. Crop years will vary with each 

different commodity and harvest cycle; it begins 12 months before harvest and ends with harvest. 

3.4.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   Calendar year. 

Practical:  Calendar year. Data on crop year (t-1/t) can be reported in calendar year t. 

 

3.4.3. Guidelines on practical implementation 

The calendar year is the reference period for the Nutrient Budgets. Data on crop year (t-1/t) can be 

reported for calendar year t. 

3.4.4. Discussion 

In the OECD/Eurostat Handbooks 2007 the reference period was not defined explicitly. Budgets have 

therefore been estimated by countries for different reference periods. Most countries estimate nutrient 

budgets for calendar years. However some countries estimate nutrient budgets for crop years as they 

                                                      

12 Examples are areas in Spain, which are used by agriculture during a specific time for grazing of livestock, 

which are not covered in statistics on UAA.  

13 See presentations by JRC on the pilot projects of regionalising the nutrient budgets with CAPRI at the WG 

meeting on AEI in 2012, and at the kick-off meeting of the pilot projects on 20 February 2013 in Luxembourg. 

14 See presentation of the project at the WG meeting on AEI February 2013. 

http://appsso.eurostat.ec.europa.eu/nui/show.do?query=BOOKMARK_DS-057374_QID_-268820B9_UID_-3F171EB0&layout=TIME,C,X,0;GEO,L,Y,0;LANDUSE,L,Z,0;INDICATORS,C,Z,1;&zSelection=DS-057374INDICATORS,OBS_FLAG;DS-057374LANDUSE,L2980;&rankName1=TIME_1_0_0_0&rankName2=LANDUSE_1_2_-1_2&rankName3=INDICATORS_1_2_-1_2&rankName4=GEO_1_2_0_1&sortC=ASC_-1_FIRST&rStp=&cStp=&rDCh=&cDCh=&rDM=true&cDM=true&footnes=false&empty=false&wai=false&time_mode=NONE&lang=EN&cfo=%23%23%23%2C%23%23%23.%23%23%23
https://circabc.europa.eu/sd/d/9ac52532-63d2-491b-b0ec-158b06685e1d/Modelling%20the%20gross%20nitrogen%20balance%20in%20Europe%20with.pdf
https://circabc.europa.eu/sd/d/9ac52532-63d2-491b-b0ec-158b06685e1d/Modelling%20the%20gross%20nitrogen%20balance%20in%20Europe%20with.pdf
https://circabc.europa.eu/sd/d/b45412e1-c22b-48f4-bf2f-82834be6e74c/20130220_regnibal_kickoff.pdf
https://circabc.europa.eu/sd/d/29827ac1-7246-44f8-bd00-b4be0b548bf8/Eurostat%2018-19%20feb%20grassland.pptx
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consider this reference period more appropriate as the amount of nutrients applied to the soil is 

particularly linked to the final yield.  

In the discussion on the reference period with experts from Member States the following arguments 

have been mentioned in favour of the calendar year:  

 Data on other flows (e.g. livestock, excretion, emissions) are referring to calendar year. 

 Coherence and usability of the indicator; all other indicators are based on calendar year, as well 

as data reported to UNFCCC (GHG Inventory) and UNECE (NH3, NO emissions). 

 From the agronomic point of view it makes sense to report crop statistics by crop year but all 

decisions on economic and financial impact of farming for the production system, investments, 

loans to purchase inputs, etc., are independent and are made during the calendar year as other 

decisions with less impact but also important as daily decisions. 

 Impact of nutrients on environment is not confined to crop year, goes beyond crop year. 

 If nutrient budgets are estimated for crop year, there will be less data available. 

 Comparability across Member States decreases as crop years vary among Member States. 

It was concluded that the calendar year is the appropriate reference period for Nutrient budgets.  

Though many of the data used in the GNB refer to the calendar year, some data are however often 

estimated for different periods, e.g.:  

 Fertilizer statistics are in some countries estimated per calendar year and in other countries for 

crop years. 

 Crop statistics provide, for a given product, the area, the yield and the production harvested 

during the crop year at national level. The reference period is the harvest year: 2004 indicates 

that the data refer to production harvested during the 2004 calendar year.  

The impact of these inconsistencies with the reference period and the need for corrections has been 

discussed with Member States. It was concluded that these inconsistencies will not significantly affect 

the budget results, and therefore no corrections are needed: 

 Crop production statistics refer to crops where harvest begins during the calendar year, input 

statistics refer to those crops. 

 Though data on particular flows may refer to a different period, the data are consistent over 

time. 

3.4.5. Coherence with UNFCCC/UNECE 

For some flows (e.g. livestock population, crop residues burned) the 1996 Revised IPCC Guidelines 

(Volume 3, Chapter 4.2.2 and 4.4.3) recommend to use three year averages of activity data if 

available. This recommendation is however removed in the 2006 Guidelines which aim at the best 

annual estimates of activity data.  

3.4.6. Default estimation procedure 

Not applicable. 

3.4.7. Actions foreseen 

No actions foreseen. 

http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=DSP_GLOSSARY_NOM_DTL_VIEW&StrNom=CODED2&StrLanguageCode=EN&IntKey=24000546&RdoSearch=&TxtSearch=&CboTheme=&IntCurrentPage=1
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3.5. Mineral fertilizers  

3.5.1. Definitions 

‘Inorganic fertilizer’ means a fertilizer in which the declared nutrients are in the form of minerals 

obtained by extraction or by physical and/or chemical industrial processes. Calcium cyanamide, urea 

and its condensation and association products, and fertilizers containing chelated or complex micro-

nutrients may, by convention, be classed as inorganic fertilizers (Regulation (EC) No 2003/2003). 

3.5.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All mineral fertilizers used in the reference area. 

Practical:  Official national statistics of mineral fertilizer use by agriculture at national level.  

 

3.5.3. Guidelines on practical implementation 

This section may be updated in the future, following actions listed in section 3.5.7, see also the 

discussion in section 3.3.4. 

Data on mineral fertilizer consumption provided to Eurostat as official statistics. Countries are 

advised to discuss the data reported to UNFCCC15 in national discussion groups to ensure and 

improve coherence and consistency between data reported to UNFCCC on mineral fertilizer use and 

data reported to Eurostat in nutrient budgets and for fertilizer statistics, see also section 3.5.5.  

Data estimated from sales statistics or production and trade statistics in general include non-

agricultural uses, whereas data from farm surveys do not. If the estimation of mineral fertilizer use by 

agriculture is based on trade/production or sales statistics, it is recommended to provide corrections 

for non-agricultural use, stocks, double-counting of intermediate production etc. It is also 

recommended to include verification procedures of data, such as crosschecking with other available 

data sources, expert knowledge etc. DireDate also recommended collection of data at farm level to 

improve/verify official statistics. 

3.5.4. Discussion 

Currently different data sources for mineral fertilizer consumption exist and are used by countries for 

reporting to nutrient budgets, GHG/NH3 inventories and other policy requirements; farmer surveys, 

trade/production statistics, sales data, expert judgement/modelling etc. To improve the coherence 

(''one single official figure'') of reporting on mineral fertilizer statistics for the different policies and 

institutes and to improve the quality and availability of data on mineral fertilizer consumption, 

DireDate recommended that each Member State establishes a workgroup covering e.g. statistical 

departments, environmental and agricultural institutes, fertilizer industry, GHG/NH3 inventory 

compilers etc. This recommendation was discussed in CPSA meetings and countries have been 

requested to establish such discussion groups16. These workgroups should discuss the quality of 

existing data sources on mineral fertilizer consumption and if needed a strategy to improve or collect 

data on mineral fertilizer consumption and establish a single official statistic on mineral fertilizer 

consumption in the short term.  

 

                                                      

15  All countries provide data to UNFCCC. These data can be found in the National Submissions to the GHG 

Inventory available at: 

http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/6598.php 

16 See CPSA document 649 and first results of national discussion group meetings available at Circabc  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:304:0001:0194:en:PDF
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/6598.php
https://circabc.europa.eu/sd/d/3994558e-7d08-4e73-9306-d5668c180e44/649_3_4_1_CPSA_JS_AEI%20nutrient%20flows%20final.pdf
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id3&FormPrincipal_SUBMIT=1&id=52aa7709-c4fc-4208-828f-9086f068d3ac&javax.faces.ViewState=rO0ABXVyABNbTGphdmEubGFuZy5PYmplY3Q7kM5YnxBzKWwCAAB4cAAAAAN0AAIxNHB0ACsvanNwL2V4dGVuc2lvbi93YWkvbmF2aWdhdGlvbi9jb250YWluZXIuanNw
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Current available data sources include: 

 Data reported to UNFCCC 

IPCC 2006 Guidelines propose to use country specific data, Fertilizers Europe or FAO data in the 

case country-specific data are not available, see also section 3.5.5. 

 Data reported to UNECEC/CLTRAP 

The EMEP/EEA Guidebook propose to use country specific data, and Fertilizers Europe or FAO data 

in the case country-specific data are not available, see also section 3.5.5.  

 Data reported to PRODCOM/COMEXT 

Data on production and trade of fertilizers by type are also available in all countries from PRODCOM 

and COMEXT. Data on production and trade of fertilizers could be used to crosscheck estimations on 

fertilizer consumption. 

 Other data available in countries. 

In the short term Eurostat will collect data on mineral fertilizer consumption as discussed in CPSA 

meetings in 201217. Data collection at farm level may be implemented in the future, see section 3.5.7. 

3.5.5. Coherence with UNFCCC/UNECE 

For this flow in the nutrient budgets data should be provided which are coherent with data reported to 

UNFCCC. Please note that coherence does not necessarily mean exactly the same data: The Revised 

1996 IPCC Guidelines (Vol. 3 Ch. 4.5.2) note as activity data to estimate N2O emissions from 

application of mineral fertilizers, total fertilizer consumption per year corrected by that fraction of 

synthetic fertilizer N applied to soils that volatilises as NH3 and NOx. The 2006 IPCC Guidelines 

require for Tier 1 amounts of applied mineral N fertilizers which is no longer adjusted for amounts of 

NH3 and NOx volatilisation after application to soil (see Vol. 4 Ch. 11.2.1.3). In IPCC 2006 

Guidelines and in EMEP/EEA 2009 Guidebook (Vol. 4D Ch. 3.2.3 and 3.3.3) it is recommended that 

annual amount of synthetic N fertilizer applied to soils is estimated from total amount of synthetic 

fertilizer consumed annually. Annual fertilizer consumption data may be collected from official 

country statistics, often recorded as fertilizer sales and/or as domestic production and imports and 

should not be limited to only agricultural N uses. IPCC 1996 Revised Guidelines are less clear on the 

inclusion of non-agricultural uses, but NIR reports show that different practices have been used by 

different countries for instance data sources used include data from agricultural holdings, sales data, 

data fertilizer industry, etc. In the nutrient budgets should in principle only relate to agriculture. There 

should however be coherence between estimates of total fertilizer use and fertilizer use by agriculture. 

Countries are expected to provide information on the coherence of data reported in nutrient budgets 

and fertilizer statistics and data reported to UNFCCC/UNECE in the metadata. 

3.5.6. Default estimation procedure 

For countries which do not have data available Eurostat will use data reported to UNFCCC in 

NIR/CRF reports on total N fertilizer consumption for N and data from Fertilizers Europe for P.  

3.5.7. Actions foreseen 

At medium-long term Eurostat intends to implement DireDate recommendations. Discussions are on-

going to include variables on mineral fertilizer consumption in FSS 2016 onwards.   

                                                      

17 See documents CPSA 649 and CPSA 675 available at Circabc  

https://circabc.europa.eu/sd/d/3994558e-7d08-4e73-9306-d5668c180e44/649_3_4_1_CPSA_JS_AEI%20nutrient%20flows%20final.pdf
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id3&FormPrincipal_SUBMIT=1&id=75bf0fd3-2698-475f-91d7-bc11103dee6e&javax.faces.ViewState=rO0ABXVyABNbTGphdmEubGFuZy5PYmplY3Q7kM5YnxBzKWwCAAB4cAAAAAN0AAIzMHB0ACsvanNwL2V4dGVuc2lvbi93YWkvbmF2aWdhdGlvbi9jb250YWluZXIuanNw
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3.6. Manure production  

3.6.1. Definitions 

The Annual average population (AAP) represents the average population of a livestock type present 

during a year, this includes fall-out (animals which die before coming to production age).  

 For livestock types without seasonal variations in the population and empty stable places (e.g. 

dairy cows) AAP can be considered equal to the population counted at any specific day.  

 For livestock types with seasonal variations (e.g. sheep, goats) or occurrence of empty stables 

the population counted on a specific day or data on animal places need to be corrected for these 

factors to represent AAP present in a year.  

 For livestock types involving multiple production cycles within a year (e.g. broilers) AAP can 

be derived from slaughter/production statistics corrected for non-sold or non-slaughtered 

animals (animals dying before production age has been achieved) divided by number of cycles. 

AAP of livestock types involving multiple production cycles can also be derived from number 

of animal places corrected for average amount of empty stable places during a year. 

Excretion coefficients are factors representing the average amount of nutrients excreted per animal 

head per year (animal place for animals with multiple production cycles). The excretion coefficient 

can in specified cases include excretion of offspring and/or males. The excretion coefficient 

represents the nutrient content of excretion at the time of excretion; i.e. no corrections are made for 

volatilisation of N during animal housing, storage or with the application to land or for additions of 

nutrients when manure mixes with other material (e.g. straw). In the case of livestock with several 

production cycles per year, the production cycles should be directly reflected in the excretion 

coefficients, instead of in the livestock number. Thus, the excretion coefficient does not necessarily be 

one that can be measured for individual animals, but is defined such that the product of excretion 

factor and annual average population yield the total amount of nutrient at the time of excretion 

without correction (see Equation 5 and Equation 6 below). 

Nitrogen use efficiency (NUE) of a livestock type can be defined as how much of Nitrogen 

consumed (Nanimalfeed_i) by livestock type i is retained in the animal products and in the animal of 

livestock type i (Nanimalretention_i), see Equation 3.   

Phosphorus use efficiency (PUE) of a livestock type can be defined as how much of Phosphorus 

consumed (Panimalfeed_i) by livestock type i is retained in the animal products and in the animal of 

livestock type i (Panimalretention_i), see Equation 4. 

 

Equation 3.                         (           )               (           ) 

 

Equation 4.                         (           )               (           ) 

 

Manure: livestock excreta or mixture of litter, urine and excreta, including processed manure. 

Liquid manure: Manure from housed livestock that flows under gravity and can be pumped with a 

dry matter content of less than 5%. There are several different types of liquid manure arising from 

different types of livestock housing, manure storage and treatment. .   

Slurry: Faeces and urine produced by housed livestock, usually mixed with some bedding material 

and some water during management, with a dry matter content between 5-15%. 

Solid manure: Manure from housed livestock that does not flow under gravity, cannot be pumped but 

can be stacked in a heap. May include manure from cattle, pigs, poultry, horses, sheep, goats and 

rabbits. Bedding material could be crops residues, compost straw, leaf and other materials. There are 
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several different types of solid manure arising from different types of livestock housing, manure 

storage and treatment (RAMIRAN, 2011). 

Farmyard manure: Faeces and urine mixed with large amounts of bedding (usually straw) on the 

floors of cattle or pig housing. It may also include horse manure or manure from animals housed in 

stables and farmyards (RAMIRAN, 2011). 

Deep litter: Faeces or droppings and urine mixed with large amounts of bedding (e.g. straw, sawdust, 

wood shavings) and accumulated over a certain time on the floors of buildings housing any type of 

livestock or poultry (RAMIRAN, 2011). 

Bedding: Material placed on floors of livestock houses with solid floors or partially slatted floors to 

provide some comfort to the animals and to absorb moisture and urine. Commonly straw, chopped 

straw, sawdust, wood shavings, sand, peat. Rubber or plastic mats may also be provided. 

3.6.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All manure produced in the reference area. 

Practical:   

 N: Excretion coefficients established for UNFCCC and data on annual average livestock 

population on agricultural holdings 

 P: Excretion coefficients available in country and data on annual average livestock population on 

agricultural holdings.   

 

3.6.3. Guidelines on practical implementation 

This section may be updated in the future, following actions listed in section 3.6.7. 

 

Equation 5.           (           )  

∑ {    (          )                             
(                      )}  

 

Equation 6.           (           )  

∑ {    (          )                             
(                      )}  

 

Manure production in tonnes of nitrogen is estimated by summing up the manure production of 

different livestock types. For each livestock type i manure nitrogen production (Nexcretion) is estimated 

by multiplying nitrogen excretion coefficients which represent annual average nitrogen excretion per 

head of animal for livestock type i (Nexcretion_coefficient_i) with the annual average population (AAPi) of 

that livestock type i (Equation 5). In a similar way P excretion can be estimated (Equation 6). In 

principle excretion should be estimated for all livestock-types on agricultural holdings in the country. 

As a minimum requirement excretion should be estimated for all the livestock types (on agricultural 

holdings) reported to UNFCCC in the NIR and CRF reports of the country, these include in any case 

bovine animals (differentiated by dairy and non-dairy), pigs, poultry, sheep, goats and horses
18

. 

 

                                                      

18 UNFCCC reporting requirements include also camels, llamas, mules and asses. These livestock types are 

however of low significance in Europe and data on these animal types are often not available.  
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Estimation of annual average population per livestock category 

 In Annex 1 the guidelines for the categorisation of livestock and the estimation of AAP by 

IPCC and EME/EEA are provided. The project on excretion coefficients see section 3.6.7 will 

look at the current practices in countries and the existing guidelines in IPCC and EMEP/EEA 

and provide a recommendation for the categorisation of livestock and the determination of 

AAP. This section provides an initial guideline on the estimation of AAP. 

 For livestock types without seasonal variations in the population and empty stable places the 

AAP can be considered equal to the population counted at any specific day. The preferred data 

source is the annual livestock surveys (Regulation (EC) No 1165/2008). For livestock which 

are counted twice a year, an average of these figures can be used.   

 For livestock types with seasonal variations or occurrence of empty stables the population 

counted on a specific day or from data on animal places need to be corrected for these factors to 

represent AAP. EMEP/EEA Guidebook provides a guideline for the estimation of AAP based 

on data of animal places and empty stables (Annex 1, Equation 44). 

 For livestock types involving multiple production cycles within a year AAP can be derived 

from slaughter/production statistics corrected for non-sold or non-slaughtered animals (animals 

dying before production age has been achieved) divided by number of production cycles. The 

EMEP/EEA Guidebook provides a guideline for the estimation of the AAP; see Annex 1, 

Equation 46.  The AAP of livestock types involving multiple production cycles can also be 

derived from the number of animal places corrected for the average amount of empty stable 

places during a year. The EMEP/EEA Guidebook provides a guideline for the estimation of the 

AAP (Annex 1, Equation 44 and Equation 45). 

The following harmonised data sources are available at EU-level on livestock numbers: 

 Annual livestock surveys 

Livestock statistics are collected under Regulation (EC) No 1165/2008. Each Member State 

shall produce under this regulation statistics on number of bovine animals, pigs, sheep and 

goats held on agricultural holdings within its territory. Member States conducting sample 

surveys shall cover sufficient agricultural holdings to account for at least 95 % of the entire 

population, as determined by the last survey on structure of agricultural holdings. Bovine 

animals and pigs statistics are produced twice a year, for sheep and goats data are produced 

once a year. Data refer to a specific reference day. 

 Farm structure surveys (FSS) 

Data on the structure of agricultural holdings, including livestock numbers of bovine animals, 

pigs, sheep, goats, poultry, horses and rabbits, are collected once every 3-4 years. Data refer to 

a specific reference day. Once every ten years the data are collected from a full census. 

 Slaughter/production statistics:  

Slaughter and meat production statistics are collected under Regulation (EC) No 1165/2008. 

Each Member State shall produce statistics relating to the number and carcass weight of bovine 

animals, pigs, sheep, goats and poultry slaughtered in slaughterhouses on its territory, whose 

meat is deemed fit for human consumption. It shall also supply estimates of the extent of 

slaughtering carried out other than in slaughterhouses, so that the statistics include all bovine 

animals, pigs, sheep and goats slaughtered on its territory. The statistics on slaughtering in 

slaughterhouses shall be produced monthly by each Member State. The reference period shall 

be the calendar month. The statistics on slaughtering carried out other than in slaughterhouses 

shall be produced annually by each Member State. The reference period shall be the calendar 

year. 

 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:321:0001:0013:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:321:0001:0013:en:PDF
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Farm_structure_survey_(FSS)
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:321:0001:0013:en:PDF
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 Economic Accounts for Agriculture: 

To compile Economic Accounts for Agriculture production account countries can use a series 

of tables which are shown in Annex III of the Manual on Economic Accounts for Agriculture 

and Forestry 1997 (Rev 1.1). In the first of these tables output (quantities) is calculated from 

resources and uses of agricultural products (which include livestock, animal products etc.).  

 Other data sources may exist in countries. 

Country experts on nutrient budgets are advised to discuss the estimation AAP with experts 

estimating the GHG and NH3 emissions, to ensure a coherent approach. Note however that the AAP 

estimated for the NB may differ from AAP estimated for GHG and NH3 emissions reporting as only 

livestock held on agricultural holdings should be covered, whereas countries may include livestock 

outside agricultural holdings to UNFCCC/UNECE, see also section 3.6.5.    

Estimation of nitrogen and phosphorus excretion coefficients per livestock category: 

The excretion coefficient should represent the nutrient content of excretion at the time of excretion; 

i.e. no corrections are made for volatilisation of N during animal housing, storage or with the 

application to land or for additions of nutrients when manure mixes with other material (e.g. straw). 

N excretion coefficients for specific livestock categories have been determined by countries for the 

estimation of GHG and NH3 emissions estimations. Data or a reference on excretion coefficients used 

for GHG emissions calculations can be found in countries NIR reports19. These excretion coefficients 

should be applied to the AAP of that livestock category, see discussion above, to derive total N 

excretion per livestock category in a specific year.  

Unlike for N, for P there are no official guidelines for the estimation of excretion coefficients. 

Countries are advised to establish a methodology to estimate P excretion coefficients in close 

coordination with the establishment of N excretion coefficients used for reporting to UNFCCC.  

Actions are undertaken to improve and standardize methodologies to establish excretion coefficients, 

see section 3.6.7.  

3.6.4. Discussion 

In the OECD/Eurostat Handbooks 2007, data sources for the underlying data (livestock numbers and 

excretion coefficients) were not defined. Countries used different sources for the estimation of 

excretion. These sources are often using different approaches and therefore have different results. 

Manure production is a significant flow in the nutrient budgets. Therefore it is necessary to ensure a 

transparent and harmonised approach.  

At the moment there are 2 legislative requirements at EU level concerning N excretion coefficients: 

Nitrates Directive (ND) and UNFCCC. The coefficients used in the estimations under these two 

obligations often differ. Table 4 provides an overview of some the main differences between these 

two data sources.  

In discussion with Member States and stakeholders20 it was decided to align the estimation with the 

estimation for the reporting on GHG (UNFCCC) and NH3 (UNECE) emissions: there are common 

guidelines (IPCC), the methodology and data used are reported in the National Inventory Reports 

(NIR) and the Common Report Format (CRF) reports which are publicly available and it would 

ensure consistency between GNB, GHG and NH3 emission estimations. 

                                                      

19 http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php 

20 First proposal was discussed in a specific Task Force meeting on GNB in 2011. In the WG meeting on AEI in 

February 2012 countries agreed to report the same figures on excretion as those reported to UNFCCC. 

http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-27-00-782
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
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Table 4. Excretion coefficients UNFCCC and Nitrates Directive 

UNFCCC excretion coefficients Nitrates Directive excretion coefficients 

Common handbook: (IPCC) guidelines No common handbook 

Excretion coefficients and metadata publicly 

available: (NIR + CRF) 

Underlying data not public available 

Consistent with NH3 + GHG emissions Not consistent with NH3 + GHG emissions 

3.6.5. Coherence with UNFCCC/UNECE 

AAP is estimated in the nutrient budgets for livestock held on agricultural holdings. This may result in 

some differences with livestock numbers reported to UNFCCC, as reporting to UNFCCC may include 

livestock outside agricultural holdings and livestock numbers may be averaged over three years under 

the IPCC Revised 1996 Guidelines (Vol. 3, Ch. 4.2.2). IPCC 2006 Guidelines (Vol. 4, Ch.10.2.2) 

require annual activity data. Due to these differences in livestock considered in the nutrient budgets 

and for the estimation of GHG and NH3 emissions, the estimated N excretion in the nitrogen budgets 

may differ from those reported to UNFCCC/UNECE. If data reported in the GNB deviate from those 

reported to UNFCCC, countries are required to provide a clear explanation of these differences in the 

metadata file which is required to be provided with the GNB.  

3.6.6. Default estimation procedure 

If data on N excretion are not available Eurostat will use the data on N excretion as reported to 

UNFCCC in Table 4.B (b) in the CRF reports21. Table 4.B (b) in the CRF reports of a country 

contains a summary in a common format of the detailed estimation of N excretion which can be found 

in the National Inventory Reports (NIR), see Table 5. 

Although IPCC provides guidance to countries how to estimate N excretion, the approaches taken by 

countries may still vary significantly according to the Tier-level applied. This can for instance be 

noted in the detail of the livestock classification for which countries have specified excretion 

coefficients22. As countries apply different Tier levels and therefore different detail of livestock 

classifications, a common reporting format was established by UNFCCC to summarize the resulting 

estimated N excretions for livestock types at an aggregate level. The Tier-level applied use some 

subcategories of livestock such as organic milk cows or different level of milk yield per cow would 

leads to a range of excretion coefficients and is summed up on an average coefficient for e.g. milk 

cows.  The excretion rates at aggregate level represent therefore a weighted average of the structure of 

that livestock type. 

For countries which do not have data on P excretion available data will be estimated based on 

coefficients used in comparable countries and data on population from annual livestock statistics.  

Note that if countries do not have data available on either N or P manure production, data on livestock 

in the GNB is taken from the CRF reports, while for the PB livestock numbers are based on the 

livestock statistics. For the GNB data from the CRF reports are used as this is a data source with a 

legal basis and can be considered as the best available source on the estimation of N excretion. For P 

no such data source exists. P excretion coefficients are estimated from data from comparable countries 

                                                      

21
 Countries CRF and NIR reports can be found at: 

http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php  

22 Information on excretion coefficients and livestock types specified by countries to estimate the total N 

excretion can usually be found in the NIR reports 

http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
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at the most detailed level of livestock categorisation. The best available annual statistics on livestock 

population are the livestock statistics. Due to this different approach a discrepancy may exist between 

the livestock numbers used to estimate N excretion and data used to estimate P excretion. Actions are 

undertaken to improve the availability of data on P excretion coefficients coherent with the estimation 

of N excretion, see section 3.6.7. This section may therefore be updated in the future. 

Table 5. Information GHG Inventories CRF reports Table 4.B(b) year x 

GREENHOUSE GAS SOURCE  
ACTIVITY DATA AND OTHER RELATED 

INFORMATION 

GREENHOUSE GAS SOURCE AND 

SINK CATEGORIES 
Population size Nitrogen excretion  

 (1000s) (kg N/head/yr) 

Cattle    

      Option A:     

Dairy Cattle     

Non-Dairy Cattle     

       Option B:     

Mature Dairy Cattle   

Mature Non-Dairy Cattle   

Young Cattle   

Sheep   

Swine   

Poultry   

Buffalo   

Goats   

Camels and Llamas   

Horses   

Mules and Asses   

Other livestock (please specify)   

Other non-specified   

Total per AWMS   

3.6.7. Actions foreseen 

The alignment of the estimation of excretion in the nutrient budgets with the estimation for the 

reporting on GHG (UNFCCC) and NH3 (UNECE) emissions is a first step in harmonising approaches 

in countries to estimate excretion. The Commission aims at harmonising the estimation of excretion 

estimates across different EU and other international policy reporting in the long term, this aim is 

shared by the OECD, FAO and other stakeholders.  

The IPCC uses a Tier-system. Tier 1 is the simplest method, in which default values are applied to 

readily available activity data in countries. Tier 2 allows estimating technology-specific GHG 

emission factors and therefore requiring more specific data. Tier 3 allows taking country specific 

methods into account. Whereas Tier 1 and Tier 2 methods are rather prescribed in the Guidelines, Tier 

3 offers possibilities to use country-specific methods. Clearly these 3 different Tier approaches will 
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lead to different estimates of different quality. DireDate recommends estimating the GHG and NH3 

emissions in the short term at Tier 2 for the major livestock types: dairy cattle, beef cattle, sows, 

fattening pigs, broilers and laying hens. In countries where sheep and goats are of significance it is 

recommended to estimate the emissions from these livestock as well at Tier 2.  

For all other categories Tier 1 is considered sufficient. In the long term DireDate recommends GHG 

emissions for the major livestock types to be estimated at Tier 3 and NH3 emissions using a Total 

Ammonia Nitrogen (TAN) -based approach to catch abatement measures. The additional data needed 

to achieve these recommendations are listed in DireDate report Task 3, 4 and 523.   

Eurostat has signed a contract in September 2012 with duration of 18 months. The objective of the 

project is: ''to define and describe how the methodologies for estimating gross N and P excretion 

coefficients in the EU can be improved in the most effective and efficient way, to provide guidelines 

for a coherent methodology consistent with IPCC and CLTRP Guidelines and to identify the main 

components of the calculations of excretion factors and the data requirements''. The results of this 

project are expected to contribute to the set-up of a comparable and transparent system of estimating 

excretion in EU countries consistent with UNFCCC and CLTRP requirements. A specific task of this 

project is to develop default P-excretion factors as function of animal type, and in line with the 

methodology proposed for estimating N excretion coefficients. The livestock categorisation and 

determination of AAP will also be addressed. 

3.7. Manure trade, withdrawal, and treatment. 

3.7.1. Definitions 

Manure export is all manure (incl. treated/processed), which are exported to another country. 

Manure import is all manure (incl. treated/processed), which are imported from another country. 

Manure processing/treatment: Manure can be treated on farm or off farm to produce biogas, to 

reduce odour emissions during storage and/or land spreading, to reduce N content or for marketing of 

manure compounds and/or easy and safe transportation (BREF intensive rearing of poultry and pigs). 

In many cases the nutrient amount in the product after treatment is the same as before treatment, in 

some cases treatment can lead to a reduction or an increase in nutrient amount.  

3.7.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:  Manure export, manure import, stock changes, non-agriculture use and manure treatment.  

Practical:  

 Data on manure export and import are required if significant (net import or net export >=5% of 

manure nutrient production). 

 Data on manure treatment are optional, countries are encouraged to report this flow if data are 

available. 

 Data on non-agricultural use are optional.  

 

                                                      

23 A summary of the data needs identified by DireDate can also be found in the Working Document for the Task 

Force on GNB organised in November 2011 and document CPSA/AEI/104 provided at the WG on AEI meeting 

of February 2012, see circabc.  

http://circa.europa.eu/Public/irc/dsis/diredate/library?l=/diredate_documents/reports_annexes/task_3_reportpdf/_EN_1.0_&a=d
http://eippcb.jrc.es/reference/irpp.html
https://circabc.europa.eu/sd/d/8f1cafc4-fd1b-48a0-8d22-d962bee32fd2/00%20Working%20Document%20Latest%20version.pdf
https://circabc.europa.eu/sd/d/8f1cafc4-fd1b-48a0-8d22-d962bee32fd2/00%20Working%20Document%20Latest%20version.pdf
https://circabc.europa.eu/sd/d/11bb2666-804c-48cd-ba2b-2d19185938b7/2.1.4%20Emissions%20and%20excretion2.pdf


 -  Page 42 / 112 
Document Version 1.02 dated 04/03/2013 
 

3.7.3. Guidelines on practical implementation 

It is advised to coordinate country specific data on manure withdrawals with data reported to 

UNFCCC, see also section 3.7.5. 

Manure imports and exports 

Countries with significant export and import (net import or net export>=5% of manure production in 

nutrients. net export = export – import. net import = import - export) are required to report manure 

imports and exports. Care should be taken in translating nutrient contents of exported/imported 

manure; it should represent nutrient contents of the exported/imported manure. If manure is treated 

(processed) before export (import), it is the nutrient content after treatment (processing) which should 

be used to convert the amount of manure exported (imported) into nutrient amounts. 

Manure exports should be reported as negative values, manure imports as positive values. 

Manure treatment 

This flow is optional. Countries are however encouraged to report data on this flow if available. 

Please note that for this flow the positive and negative changes in the nutrient content (expressed in 

tonnes of nutrient) of the treated manure due to treatment/processing compared to the nutrient content 

of the original product should be counted, NOT the total amount of nutrient in the treated manure. 

Also only manure treatments leading to a reduction or an increase of nutrient compared to the 

untreated manure should be reported for this flow. An example of treatment leading to an increase in 

N content is co-digestion of manure and other materials to produce biogas. Examples of manure 

treatment leading to a reduction in N content are techniques to reduce N amount in manure. In many 

cases manure treatment, e.g. to facilitate transport, do not lead to a change in N amount (expressed in 

tonnes of N) in comparison to the original product. Note that although such treatments do not affect 

the total amount of N in the treated product in comparison to the original product, the N content 

expressed in kg N per tonne can be higher in the treated product in cases the treatment reduces the 

mass of the original product. However as the total amount of N of the treated product compared to the 

original product has not changed it should not be reported.  

The total change in N content of manure treated ( Ncontent_treated) is estimated as the sum of the changes 

in N content due to different manure treatments. The change in N content due to a specific manure 

treatment i is estimated by multiplying the amount of manure treated24 with treatment i expressed in 

tonnes of the original product before treatment (Mtreated_i) with a N coefficient expressed in kg N per 

tonne which represents the amount of N lost or added due to treatment i in comparison to the original 

product (Ntreatment_coefficient_i), see Equation 7. These N coefficients can be estimated by the total N 

content expressed in tonnes of N in the manure treated with treatment i (Nmanure_treated_i) minus the total 

N content expressed in tonnes of N in the original product before treatment (Nmanure_untreated_i) and by 

dividing this result with the total amount of manure treated with treatment i expressed in tonnes of the 

original product before treatment), see Equation 8. In a similar way the total change in P content of 

manure treated ( Pcontent_treated) is estimated, see Equation 9 and Equation 10.  

Some data on manure treatment may be available in the reporting to UNFCCC see section 3.7.5. It is 

advised to coordinate country specific data with data reported to UNFCCC. 

Non-agricultural use 

This flow is optional. Countries with significant disposals of manure outside agriculture can report 

these data for this flow. However data need to be verifiable, therefore these data need to be 

accompanied with sufficient scientific/statistical proof.  

                                                      

24 by a treatment that leads to a reduction or increase of Nutrients 
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3.7.4. Discussion 

In the OECD/Eurostat Handbooks 2007 it was mentioned that ideally the calculation of nutrients in 

livestock manure input should take into account: 

(i) livestock manure not used on agricultural land (incl. national exports, if any), 

(ii) change in livestock manure stocks intended for use on agricultural land, and 

(iii) national livestock manure imports for use on agricultural land. 

These flows were expected to be negligible in most countries. 

Manure imports and exports 

Manure imports and exports are insignificant in most countries; data collection at European level is 

therefore not justified. Imports and exports are however significant in certain countries, not including 

these flows would lead to a significant bias in the estimated budgets of these countries. Countries with 

significant export and import (net import or net export>=5% of manure production in nutrients. net 

export = export – import. net import = import - export) are therefore required to report manure 

imports and exports.  

Stocks 

Data on changes in manure stocks are currently not available in most countries. It can be assumed that 

the change in manure stocks is on average zero in the long-term. These data are therefore no longer 

required or included in the practical implementation of nutrient budgets. 

Manure treatment 

The Inventory of manure Processing Activities in Europe (DG ENV, 2011) shows that manure 

processing has reached a level of 6.9% of livestock manure production in EU, with big variations 

between countries ranging from 0% in BG to 29% in DK. Manure treatment and processing is likely 

to become of growing importance in the EU-27, for instance for biogas production. Data on manure 

processing are currently limited available. Data collection 2010/2011 show that the withdrawal of 

nutrients due to manure processing represents less than 2.5 % of the total N content of manure 
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production in NL and Flanders. Data on this flow is currently not required as data are not sufficient 

available at EU-level and may not significantly impact the results of the nutrient budgets. Countries 

are however encouraged to report data on this flow if available.  

Non-agricultural use 

In some cases manure produced in the country may be disposed within the country outside 

agriculture. Manure may be used to fertilise non-agricultural land, or it may be disposed through the 

sewage etc. In many cases non-agricultural uses are insignificant and data are not available.  

3.7.5. Coherence with UNFCCC/UNECE 

Some countries report data on manure export and import in NIR reports to UNFCCC. IPCC Revised 

1996 Guidelines require the fraction of manure used for fuel to be determined to estimate emissions 

from application of manure to soils (Vol. 3 Ch. 4.5.2). If data are not available the fraction is assumed 

zero. IPCC Good Practice Guidance describe a Tier 1b approach where additional to the fraction of 

manure used for fuel, fractions of manure for feed and for construction are additionally required. If 

data are not available the fraction is assumed zero. The Guidance notes that amounts of animal 

manure used for purposes other than fertilizer can be obtained from official statistics or a survey of 

experts. IPCC 2006 Guidelines also require determination of fractions of manure used for feed, fuel 

and construction (Vol. 4 Ch.11.2.1.3). If data are not available the fraction is assumed zero. 

3.7.6. Default estimation procedure 

No estimations are made in case countries do not have data available, as a default estimation 

procedure is difficult to establish without country-specific data and the omission of this flow is 

considered to have little impact on the estimated nutrient surplus. Manure withdrawals are likely to be 

of significance in a few countries with a high production of manure.  

3.7.7. Actions foreseen 

No actions foreseen. 

3.8. Other organic fertilizers 

3.8.1. Definitions 

Other organic fertilizers are organic fertilizers not originating from livestock excretion; they include 

compost, sewage sludge, residues from biogas plants using crops, crops residues or grassland silage, 

industrial waste and other organic products containing nutrients used in agriculture as fertilizer or soil 

amendment.  

(Sewage) sludge:  

(i) residual sludge from sewage plants treating domestic or urban waste waters and from other 

sewage plants treating waste waters of a composition similar to domestic and urban waste 

waters;  

(ii) residual sludge from septic tanks and other similar installations for treatment of sewage; 

(iii) residual sludge from sewage plants other than those referred to in (i) and (ii). 

Sludge shall be treated before being used in agriculture. Member States may nevertheless authorize, 

under conditions to be laid down by them, the use of untreated sludge if it is injected or worked into 

the soil. Treated sludge means sludge which has undergone biological, chemical or heat treatment, 

long-term storage or any other appropriate process so as significantly to reduce its fermentability and 

the health hazards resulting from its use (Directive 86/278/EEC). 

Compost is the solid particulate material that is the result of composting and which has been sanitised 

and stabilised. Composting is a process of controlled decomposition of biodegradable materials under 

managed conditions, which are predominantly aerobic and which allow the development of 

temperatures suitable for thermophilic bacteria as a result of biologically produced heat (IPTS, 2011). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31986L0278:EN:NOT
http://susproc.jrc.ec.europa.eu/activities/waste/documents/IPTSEoWBiodegradablewaste1stworkingdocument20110221.pdf
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A wide range of materials may be composted, but they must consist of principally organic 

components (e.g. yard trimmings, wood chips, vegetable scraps, paper products, sorted municipal 

solid waste, animal carcasses, manures and wastewater sludge). In the context of this Handbook 

products resulting from composting manure and sewage sludge are not considered as compost.  

Sometimes industrial wastes other than compost are used in agriculture as fertilizer or soil 

amendments (e.g. organic left overs of food industry, digestate from biogas plants). 

3.8.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All other organic fertilizers used in the reference area.  

Practical:  

 Data on sewage sludge are required. 

 Data on other organic fertilizers are optional. 

 

3.8.3. Guidelines on practical implementation 

 

Equation 11.         (           )  

 ∑ {     (           )                      
(              )}   

 

Equation 12.         (           )  

 ∑ {     (           )                      
(              )}   

 

Total N amount of other organic fertilizers applied to agricultural soils (Norgfert) is estimated by 

summing up the different applications of other organic fertilizers to agricultural soils. The N amount 

of other organic fertilizer i applied to agricultural soils is estimated by multiplying the amount of 

organic fertilizer i (Forg_i) with data on N content of organic fertilizer i (Norgfert_coefficient_i), see Equation 

11. In a similar way the total P amount of other organic fertilizers applied to agricultural soils (Porgfert) 

is estimated (Equation 12). 

Data is only required for sewage sludge. Data on sewage sludge used in agriculture and its nutrient 

contents is required by the Sewage Sludge Directive 86/278/EEC. Data on sewage sludge application 

and N contents are also requested as activity data to estimate N2O emissions from managed soils 

under IPCC Guidelines and NH3emissions from managed soils following EMEP/EEA Guidebook see 

section 3.8.5.Countries are advised to check data they have on sewage sludge applications with those 

reported to the Commission under the Sewage Sludge Directive and to UNFCCC.  

If countries have data available on other organic fertilizers these can be reported. A possible source 

for data on compost could be ECN25.  

Please note that applications of composted manure or digestate from anaerobic digestion of manure 

should not be reported here; manure and manure products are taken into account under the flows 

manure production and manure trade, withdrawals and treatment.   

                                                      

25 See Barth et al, 2008. This report includes a list of consulted experts in Annex 6. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31986L0278:EN:NOT
http://susproc.jrc.ec.europa.eu/activities/waste/documents/080229_EoW_final-report_v1.0.pdf
http://www.compostnetwork.info/wordpress/wp-content/uploads/2011/06/Annex1-7_Compost-production-and-use-in-Europe.pdf
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3.8.4. Discussion 

OECD/Eurostat Handbooks 2007: ‘Other organic fertilizers include urban compost and sewage 

sludge disposed of by spreading on agricultural land. Generally urban compost data are not available 

for this component of the balance, although data on the industrial production (not actual use) of these 

organic fertilizers are available from the manufacturers in some countries. However, if its 

contribution to the balance is considered to be small, it can be left out of the calculations, which will 

have little effect on the final balance’. 

Data collection in 2010/2011 showed that data on other organic fertilizers are available in only a 

limited amount of countries (Austria, Belgium, Germany, Spain, Finland, Ireland, Netherlands, 

Sweden, United Kingdom, Czech Republic, Hungary, Slovakia and Switzerland). Data from these 

countries show that other organic fertilizers are currently not very significant in the GNB (on average 

2005-2008 <3% of total N inputs). Organic fertilizers are of some significance in some countries for P 

(>5% of total phosphorus inputs). For the phosphorus budget, the effect of missing data on organic 

fertilizers may therefore be significant in some countries.  

The European Commission is currently assessing whether the current Directive should be reviewed. 

For its assessment, the Commission has launched a study to gather existing information on 

environmental, economic, and social as well as health impacts of present practices of sewage sludge 

use on land. This study will also assess risks and opportunities that can be foreseen in coming years. 

Some data on the application of sewage sludge incl. N and P contents can also be found in the reports 

of this study (Milieu Ltd, WRc and RPA, 2008. Part I, Part II, Part III). The study noted that the use of 

sewage sludge in EU is relatively small compared to other organic and inorganic fertilizers: sludge 

contributes less than 5% of total amount of organic manure used on land (most of which is of farm 

animal origin), and sludge is applied to less than 5% of agricultural land in EU. The analysis 

considered that the use of sludge on land in EU-15 will not change dramatically over the next 5 years 

and increase in the 12 other Member States, in particular in those where it is currently little practiced.  

3.8.5. Coherence with UNFCCC/UNECE 

In the revised IPCC 1996 Guidelines (Vol. 3 Ch.4.5.2) and IPCC Good Practice (Ch. 4.7.1.4) other 

organic fertilizers taken into account include only sewage sludge. In the IPCC 2006 Guidelines other 

organic fertilizers applied to agricultural soils include sewage sludge, compost and other organic 

amendments used as fertilizer (Vol.4 Ch.11.2.1.3). In the CRF reports some countries have reported 

data on the application of sewage sludge to UNFCCC/UNECE. In the EMEP/EEA Guidebook 2009 

also only sewage sludge is mentioned as activity data (Vol. 4D Ch. 3.2.3). Data should be checked for 

consistency with data reported to UNFCCC and UNECE. 

3.8.6. Default estimation procedure 

If countries do not have data available on the application of sewage sludge data reported under the 

Sewage Sludge Directive will be used, or if not available data reported to UNFCCC.  

As data sources on the use of other organic fertilizers (excl. sewage sludge) are not available and the 

use of these fertilizers may vary significantly across countries no default estimation procedure can be 

established and no estimations for other organic fertilizers (than sewage sludge) are made. 

3.8.7. Actions foreseen  

No actions foreseen. 

  

http://ec.europa.eu/environment/waste/sludge/pdf/part_i_report.pdf
http://ec.europa.eu/environment/waste/sludge/pdf/part_ii_report.pdf
http://ec.europa.eu/environment/waste/sludge/pdf/part_iii_report.pdf
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3.9. Biological Nitrogen fixation (BNF) 

3.9.1. Definitions 

Nitrogen is fixed in the soil by:  

(1) BNF by leguminous crops through the action of bacteria which live symbiotically in root 

nodules of leguminous crops. Leguminous crops include leguminous plants, beans, soya bean, 

pulses etc. Leguminous plants are defined in Crop Statistics as leguminous plants26 grown and 

harvested green as the whole plant, mainly for forage. Mixtures of predominantly leguminous 

(normally >80%) forage crops and grass plants, harvested green or as dried hay.  This group of plants 

are often perennial on the field (< 5years) and a real N input occurs at the end of the period by 

ploughing the field. IPCC Guidelines 2006 therefore portioned N-input between the years of 

growing.   

(2) BNF by grass-legume mixtures. Part of the area counted under temporary and permanent 

grassland can be mixed with leguminous forage crops. These areas can be grazed, harvested 

green or as dried hay. 

(3) BNF by free living soil organisms. Some diazotrophs (N-fixing bacteria), fix N in association 

with plants, e.g. with leguminous crops, while others fix N in a free-living state. Free-living 

organisms in agricultural systems include cyanobacteria (most prominent in rice fields), 

heterophic diazotrophic bacteria and autotrophic bacteria 

3.9.2. Description in Ideal and Practical implementation of GNB 

 

Ideal:  BNF by leguminous crops, in grass-legume mixtures and by free living organisms in 

the reference area.  

Practical:   

 BNF by leguminous crops is required based on Crop Statistics regulation (EC) No 543/2009 and 

country-specific coefficients.  

 Biological N fixation in grass – legume mixtures.  

 

3.9.3. Guidelines on practical implementation 

This section may be updated in the future, following actions listed in section 3.9.7, see also the 

discussion in section 3.9.4..  

Leguminous crops 

 

Equation 13.             (           )  

 ∑ {          (       )                          
(           )}   

 

                                                      

26 Handbook Crop Statistics: The various species of clovers, annual or perennial, such as crimson (Trifolium 

incarnatum L.), red (T. pratense L.), white (T. repens L.), Egyptian (T. alexandrinum), of Persia (T. 

resupinatum). Different types of lucerne, such as Medicago sativa L., M. falcata L. and its hybrids, are included 

here. Other leguminous plants grown mainly for fodder can include  sainfoin (Onobrychis viciifolia Scop. ), 

sweet clover (Lotus corniculatus L.), vetches (Vicia sativa, villosa, panonica), vetch (Lathyrus sativus), trefoil 

(Medicago lupulina L.), melilot (Melilotus alba Lam.), sweet lupins (Lupinus albus, angustifolius, luteus), 

serradella (Ornithopus sativus), fenugreek (Trigonella foenum-graecum), sulla (Hedysarium coronarium). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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BNF by leguminous crops (Nfix_legumes) is estimated by summing up BNF of different leguminous 

crops. BNF of leguminous crop type i is estimated by multiplying area of leguminous crop i (Alegumes_i) 

by the fixation coefficient of leguminous crop i (Nfix_legumes_coefficient_i) (Equation 13).  

BNF is at minimum required to be estimated for following crop types collected in crop statistics: dried 

pulses (C1300), soya bean (C1470), leguminous plants (C2670) and pulses (C1885). 

Data on areas and production of leguminous plants are annually available from Crop Statistics 

(regulation (EC) No 543/2009), countries should use these data to estimate BNF by leguminous crops, 

see also section 3.9.4.. 

Currently a harmonised methodology across Europe to estimate BNF coefficients does not exist and 

actions to improve the situation are not foreseen in the short term, see also section 3.9.7. Although in 

principle the aim is to provide coherent estimations with GHG Inventories countries for this flow an 

exception is made, see section 3.9.5 and country-specific data are preferred. Care should be taken that 

the estimation of BNF by leguminous crops takes into account the belowground fixation. If country-

specific methodologies are based on a biomass approach, Equation 14 can be used to determine the 

fixation coefficient per ha; the estimated BNF by a leguminous crop i is divided by the area of 

leguminous crop i.  

 

Equation 14.                 
(                  )               

(                  )  

          (       ) 

 

The comparability and transparency of the estimation of BNF by leguminous crops could be improved 

if a set of common guidelines on the estimation method and update frequency were established. In the 

short term such a study is not foreseen, see also section 3.9.7.  

Grass-legume mixtures 

This flow is obligatory, as even though data availability is low and default estimation procedures have 

not yet been established, ignoring this flow would lead to a significant bias of the N-budgets. 

Countries which have country-specific data available on BNF in legume-grass pastures can report data 

on areas concerned and coefficients to estimate total amounts of N fixed in these areas. Countries are 

encouraged to establish methodologies and data collection on this topic. Care should be taken that 

belowground fixation is taken into account as well. 

The comparability and transparency of the estimation of BNF in forage/fodder legumes and legume-

grass mixtures could be improved if a set of common guidelines on the estimation method and update 

frequency were established. Currently a study is undertaken in which a specific task is to establish 

such guidelines, see section 3.9.7. The recommendations are expected in the beginning of 2014.  

Free-living organisms 

This flow has been excluded from the practical implementation of nutrient budgets due to uncertain 

quality of data and very limited availability of estimates on this flow, see section 3.9.4.  

3.9.4. Discussion 

OECD/Eurostat Handbook 2007 included BNF of leguminous crops and free-living organisms. 

Leguminous crops 

In the OECD/Eurostat Handbooks 2007 the BNF by leguminous crops is determined by multiplying 

the area covered by leguminous crops with a fixation coefficient. As countries have provided data in 

previous GNB editions on BNF relating to area units, it has been decided to continue this practice in 

this Handbook.   

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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Leguminous plants, especially those planted specifically for N fixation, are often grown as secondary 

crops. Data on areas of leguminous plants are available from FSS and Crop Statistics. Data from FSS 

refer to main areas and are only collected once every 3 or 4 years. The preferred data source is 

therefore Crop Statistics. The following data is required by Crop Statistics:  

 Areas under cultivation27 of leguminous plants. This is an aggregated category covering i) 

clovers and mixtures, ii) lucerne and iii) other legumes for fodder. It may be difficult to 

establish coefficients for this broad category. However as in previous regulations this category 

was broken down to the classes mentioned before, countries may still have data available on the 

distribution of areas between these different types of leguminous crops which can be used to 

provide a more accurate estimation of BNF by these crops.  

 Areas under cultivation and harvested production of dried pulses and protein crops for 

production of grain (incl. seed and mixtures of cereals and pulses). Data is further differentiated 

into field peas, broad and field beans, sweet lupins, other dried pulses n.e.c.  

 Areas under cultivation and harvested production of soya.  

 Harvested area28 and harvested production of pulses.  

 Harvested area and harvested production of beans.  

 Different methodologies exist to estimate BNF, e.g. Herridge et al, 2008 and Unkovich et al. 

2008. Some methodologies provide estimates on an area basis. More recent techniques however 

provide estimates on the percentage of total N29 of the plant that is derived from BNF.  

 IPCC Revised 1996 Guidelines estimate BNF based on above ground biomass of N-fixing 

plants (Annex 2).  

 BNF rates are dependent upon many environmental factors, and can be greatly influenced by 

farm management practices (Peoples et al. 1995). Factors influencing biological fixation can be 

found in the Technical Paper 2 on Biological Fixation of the FAO. This is also reflected in the 

large range of measured values of biological fixation; see for example Table 6 which shows a 

review of the variation in measured values of BNF by Unkovich et al. 2008.  

Table 6. Variation in BNF measurements (kg N per ha per year) (M. Unkovich. 2008) 

 Measured variation Most commonly observed  

Green manure crops 5-325 50-150 

Pasture/forage legumes 1-680 50-250 

Crop legumes 0-450 30-150 

Herridge et al, 2008 and Unkovich et al. 2008 note that many estimates of BNF are too low as often 

only above ground biological fixation is taken into account in estimation of BNF. Published values for 

below ground N fixation as a percentage of total plant N are 22-68% for pulse and oilseed legumes, 

soybean, beans and peas and 34%-68% for pasture/fodder legumes. Care should be taken that 

belowground fixation is also taken into account in the estimation of BNF.   

                                                      

27 See for a definition section 3.13.1. 

28 See for a definition section 3.13.1. 

29 Including below ground biomass 

http://www.fao.org/Wairdocs/ILRI/x5546E/x5546e05.htm
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Table 7 shows the variation in estimated rates of BNF in kg N per ha per year for different crops 

collected from the countries during 2010-2011. A wide variation can be noted especially for 

leguminous plants. It should also be noted that most countries use a fixed rate across time, as BNF is 

very much depending on environmental (e.g. climate) and farmer practices (e.g. fertilizer use) which 

may change over time, regular updating of such coefficients is advised. 

Table 7. Variation in country estimated BNF rates GNB data collection 2010/2011  

 Kg N per ha per year 

Dried pulses 6-280 

Soya bean 20-135 

Pulses, peas, beans 24-125 

Green fodder 10-190 

Leguminous plants 55-500 

Pasture 5-153 

Grass-legume mixtures 

The estimation of BNF in forage/fodder legumes and legume-grass pastures within the UAA is 

difficult because it is difficult to determine the productivity and areas of these legumes. Parts of 

Permanent and Temporary Grassland can be mixed with legumes. Grass-legume mixtures contribute 

significantly to BNF. Data on areas covered with grass-legume mixtures are however not available as 

European statistics on land use do not distinguish between areas of grass-legume mixtures and pure 

grass areas. The proportion of legumes in grass needs to be identified as well to estimate the amount 

of N fixed in grass-legume mixed areas. The level of fixation in grass-legume mixed areas is also 

depending on grassland management and fertilisation. Care should be taken that belowground fixation 

is taken into account as well.  

DireDate has made several recommendations concerning improving data on BNF: 

 Countries should establish a national workgroup of experts (agronomists) to establish a 

methodology for the derivation of BNF by clover in grasslands on a regional level. The 

procedures and methodologies should be reviewed.  

 Workshop at EU-27 level with scientists and agronomists involved, in order to discuss and 

approve methodologies and to derive best estimates of BNF by clover on regional level.   

 The best estimate of BNF by clover can be made from local experts with knowledge of the 

grasslands and management of grassland. The amount of BNF by clover is difficult to estimate, 

because both the estimate of the average share of clover in grassland in a region and the amount 

of N fixed by clover are uncertain. It depends on the standing biomass of clover in the sward, 

which may vary throughout the year. Large amounts of N can be fixed in clover grassland 

(>200 kg N per ha in the year of ploughing in) and care should be taken to identify these 

grasslands and estimate its BNF. If clover is grown on soils that contain mineral N (e.g. 

because of N fertilizer or manure application), clover can use this N and may not or only 

slightly fix atmospheric N. 

Denmark has also described in its pilot project on GNB a model to estimate BNF in grasslands, which 

is also used by Sweden. Denmark recommends reviewing the coefficients used by countries and 

comparing them with coefficients calculated with an empirical model. 

 

https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id3&FormPrincipal_SUBMIT=1&id=4cb17627-141f-4cf6-8613-bcc2f73b8f51&javax.faces.ViewState=rO0ABXVyABNbTGphdmEubGFuZy5PYmplY3Q7kM5YnxBzKWwCAAB4cAAAAAN0AAI4MHB0ACsvanNwL2V4dGVuc2lvbi93YWkvbmF2aWdhdGlvbi9jb250YWluZXIuanNw
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Free living organisms 

 

Equation 15.          (                  )  

      (       )                      
 (                  ) ) 

 

In OECD/Eurostat Gross Nitrogen Balances Handbook 2007 BNF by free living soil organisms 

(Nfix_free) was calculated by multiplying area (AUAA) with a N fixation coefficient for the area (Nfix_free_ 

coefficient), see Equation 15.  

Crop residues left or returned to the soil provide energy to asymbiotic diazotroph bacteria for BNF. 

Heterotrophic free-living N2 fixers utilising plant residues such as straw and leaf litter appear to 

contribute only small amounts of N to dry land agriculture (according to Unkovich et al. 2008 mostly 

<5 kg N/ha per year). N-fixation by cyanobacteria and photosynthetic bacteria inhabiting the 

floodwater and soil surface of rice fields might contribute as much as 30 kg N/ha according to Firth et 

al, 1973. Unkovich et al. note that there are few conclusive data to indicate that agronomical 

significant amounts of N are fixed by bacteria associated with non-legumes in temperate agriculture, 

but studies (e.g. Boddey et al, 1995) have demonstrated measurable inputs of fixed N with tropical 

grasses such as sugarcane, in the order of 10–65 kg N/ha per year.  

DireDate recommended to drop this flow as scientific and quality data to estimate N fixed by free 

living soil bacteria is limited available in countries and the amount of N fixed by free living soil 

bacteria is generally small, i.e. < 5 kg N per ha per year (see e.g. Paul et al, 1996. Unkovich et al 

2008. Beriner et al, 1984. Vitousek et al, 2002). A review by Herridge et al, 2008 note that amounts of 

N fixed by free-living bacteria are very difficult to estimate, if not impossible. Unkovich, et al. 2008 

note that for quantifying associative N2 fixation  the methods available may not always provide 

reliable estimates, or even unequivocal evidence, of N2 fixation activity, because these methods have 

particular limitations at low rates of N2 fixation,. In their opinion the question of whether there are 

significant inputs of biologically fixed N to such associations remains controversial (e.g. Giller and 

Merckx 2003), and claim that thus often much more rigorous experimental protocols are necessary 

than in the case of nodulated legumes. Because of the inherent uncertainties of current methodologies, 

they argue that defensible proof of N2 fixation by associative N2-fixing systems may need to be 

established along with quantification. 

3.9.5. Coherence with UNFCCC/UNECE 

IPCC Revised 1996 Guidelines provide some guidelines on estimation of BNF, which are summarised 

in Annex 2. Although in principle the aim is to provide coherent estimations with GHG Inventories 

countries for this flow an exception is made. It has been noted that applying IPCC Tier1 methodology 

results in relative high estimations of N fixation in comparison to estimates of countries which have 

invested in country-specific approaches.  

Due to lack of evidence of significant emissions arising from the fixation process itself (IPCC 2006, 

11.6), it should be noted that data on N2O emissions from BNF and underlying data to estimate these 

emissions will no longer be required to be reported to UNFCCC when the 2006 Guidelines become 

applicable which is expected in 2015. However N2O emissions from crop residues of N-fixing crops 

are still required, which are depending on the amount of N fixed. 

Because of the rough estimation under the Revised 1996 IPCC Guidelines and the removal of the 

estimation of N2O emissions from BNF in the 2006 Guidelines, countries are advised to establish 

country-specific estimates of BNF of leguminous crops. 

http://aciar.gov.au/files/node/10169/mn136_measuring_plant_associated_nitrogen_fixation_19979.pdf
http://www.nottingham.ac.uk/ncmh/BGER/pdf/Volume%201/BGER1-3.pdf
http://www.public.asu.edu/~nbgrimm/USEL/web/images/pubs/2002/Vitousek%20et%20al.%202002.pdf
http://lira.pro.br/wordpress/wp-content/uploads/2012/10/herridge-et-al-2008.pdf
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3.9.6. Default estimation procedure 

BNF of leguminous crops is a considerable source of N input in many countries (data collection in 

2010/2011 shows rates ranging from 0% to 12% in total N inputs).  

Countries which do not have country-specific coefficients available to estimate BNF of leguminous 

crops can use the default estimation procedure in IPCC Good Practice Guidance (Tier 1a or Tier 1b), 

see Annex 2, to estimate BNF by leguminous crops. Equation 47 or Equation 48 and Equation 50 

could be applied to data on production of leguminous crops available from Crop Statistics with default 

values for xres_above_legumes_i, xabove_dry_i, and Nlegumes_coefficient_kg_dry_i provided in Table 15. If residue N 

content is needed for a crop type for which a value is not provided in Table 15, the non-crop specific 

default value 0.03 kg N / kg dry matter can be used.  

It is however recognized that the default estimation procedure by IPCC Guidelines may only provide 

a rough indication of BNF. Estimations based on IPCC Guidelines can be compared to estimations of 

comparable countries which have country-specific data available. In bilateral cooperation between 

Eurostat and the country, it can be decided that country-specific coefficients used by comparable 

countries reflect the situation in the country better than estimation based on IPCC Guidelines. 

It is more difficult to establish default estimations for BNF in legume-grass pastures, as basic data on 

areas and productivity of these areas are not available and are likely to vary significantly across 

countries. If possible Eurostat will, based on intermediate results of the grassland project see section 

3.9.7 and bilateral consultations with countries, provide default estimations for countries which have 

no country-specific data available.  

3.9.7. Actions foreseen 

A project on grasslands has been signed by Eurostat in September 2012 with duration of 14 months. 

The objective is: ''to define different types of grasslands and their productivity and to describe how 

data can be collected on these different types of grassland in the EU so that a coherent European data 

set is created''. Task 2 of this contract is concerned with methodologies to estimate biological fixation 

in grasslands. The recommendations mentioned in the previous paragraph will be taken into account 

in this project. This project will provide a first step towards a harmonised classification of grasslands, 

estimation of grassland production and BNF, follow-up actions may be needed. 

For the establishment of a common methodology or a common set of guidelines for estimation of 

BNF of leguminous crops no actions are currently planned in short term, however it is recognized that 

improvements in this area are highly needed, and may be foreseen in medium to long term.  

3.10. Atmospheric deposition 

3.10.1. Definitions 

Atmospheric nitrogen deposition is the process by which N airborne particles and gases are 

deposited to soils, vegetation, waters, and other surfaces, either through precipitation (rain, snow, 

clouds, and fog), known as wet nitrogen deposition or as a result of complex atmospheric processes 

such as settling, impaction, and adsorption, known as dry nitrogen deposition. Emissions of 

ammonia (in the forms NH3 and NH4
+), mainly agriculture, lead to deposition of reduced nitrogen in 

the form of NH4
+ in precipitation, and in the form of particulate NH4

+ and NH3 when dry deposited. 

Emissions of nitrogen oxides (NO and NO2) emissions, mainly industry and cars/trucks, lead to 

deposition of oxidized nitrogen in the form of HNO3 and NO3
- in precipitation, and in the form of 

HNO3 and particulate NO3
-
 when dry deposited.  

Atmospheric phosphorus deposition is the process by which P airborne particles are deposited to 

soils, vegetation, waters, and other surfaces, either through precipitation (rain, snow, clouds, and fog), 

known as wet phosphorus deposition or as the gravitational settling of large particles not associated 

with falling precipitation, known as dry phosphorus deposition 
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3.10.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   Atmospheric deposition on the reference area. 

Practical:  N: Estimation of atmospheric N deposited on reference area based on country specific 

data or EMEP data. 

 P: Atmospheric deposition of P is not included in the practical implementation. 

 

3.10.3. Guidelines on practical implementation 

 

Equation 16.             (                  )   

      (       )                          (                  ) ) 

 

All oxidized and reduced N deposited by dry and wet deposition processes on the reference area 

regardless of the source should be included in the land budget approach as it is a real input to the soil. 

The sources of N volatilisation to NH3 and NOx gases and deposition of these gases and their products 

NH4
+ and NO3

- onto soils and surface of lakes and other waters are not confined to agricultural 

fertilizers and manures, but also include fossil fuel combustion, biomass burning and processes in 

chemical industry.   

Atmospheric deposition varies by location. Precise data on atmospheric deposition on the reference 

area are generally not available. An approximation of N deposited on the reference area (Ndeposition) 

could be derived by multiplying a national average deposition rate (Ndeposition_coefficient) per ha with the 

reference area (AUAA) (see subchapter 3.3), assuming that the average deposition rates is equal for 

agricultural and non-agricultural soils, see Equation 16.  

Data may be available from: 

 Country-specific data sources. 

 UNFCC: 

Data on atmospheric deposition of N emissions originating from the application of inorganic 

fertilizers and manure and the manure deposited by grazing animals on pasture, range and 

paddock is reported to UNFCCC under the IPCC Revised 1996 Guidelines, see section 3.10.5.  

 The European Monitoring and Evaluation Programme (EMEP) of CLTRAP: 

EMEP models total N deposition at NUTS0 level and at grid level in a harmonised way for 

signatories of CLTRAP. EMEP makes use of national expertise and research. 

3.10.4. Discussion 

OECD/Eurostat Handbook 2007 recommended correcting atmospheric deposition of N for N-deposits 

resulting from domestic agriculture as N surplus includes emissions of NH3 and NO which would lead 

to double counting. This view is however not correct as all atmospheric deposition regardless of the 

source are a true input of N to the soil and therefore should be counted at the input side of the budgets. 

NH3 and NO emissions are a true part of the surplus (posing a potential risk to the environment), 

therefore there is no double counting and all deposition should be included at the input side. 

3.10.5. Coherence with UNFCCC/UNECE 

IPCC Revised 1996 Guidelines describe in Chapter 4.5.4 the estimation of indirect N emissions from 

agricultural soils due to atmospheric deposition of N emissions originating from application of 

inorganic fertilizers and manure and manure deposited by grazing animals on pasture, range and 

http://webdab.emep.int/Unified_Model_Results/
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paddock. Note that only agricultural sources of N are considered in Revised 1996 Guidelines, whereas 

nutrient budgets require data on all deposition on agricultural soils.  

IPPC 2006 Guidelines include guidance for estimating N2O emissions resulting from N deposition of 

all anthropogenic sources of NOx and NH3. Specific guidance on estimating N2O emissions from that 

portion of N compounds associated with volatilisation of NOx and NH3 from manure management 

systems are provided in Section 10.5 and from synthetic and organic N input to managed soils, and 

urine and dung N deposited by grazing animals in Section 11.2.2 of Volume 4. In section 7.3 of 

Volume 1 guidance is provided on estimating N2O emissions from the atmospheric deposition of N.  

3.10.6. Default estimation procedure 

 

Equation 17.                       (           )   (                   (           )  

                   (           ))         (       )  

 

If countries do not have country-specific data available, data from EMEP will be used to estimate 

deposition. Data on atmospheric N deposition at NUTS0 level in Gg can be found at 

http://webdab.emep.int/Unified_Model_Results/ by selecting the country, years of interest and total 

deposition of oxidized N and total deposition of reduced N. Data can be converted to tonnes by 

multiplying data in Gg with 1 000. An approximation of the average deposition rate in kg N per ha 

can be calculated by aggregating oxidised (Ndeposition_oxidized) and reduced N (Ndeposition_reduced) and 

dividing the result by total land area (Atotal) (L0008 in Crop Statistics)30, see Equation 17. N 

deposition on the reference area is estimated by multiplying the estimated coefficient with the 

reference area. 

3.10.7. Actions foreseen 

No actions foreseen. 

3.11. Seeds and planting materials 

3.11.1. Definitions 

Cropped area is defined in Eurostat Crop Statistics as the area that corresponds to the total sown area 

for producing a specific crop during a given year. 

Area under cultivation is defined in Eurostat Crop Statistics as the area that corresponds to total 

sown area, but after harvest it excludes ruined areas (e.g. due to natural disasters). If the same land 

parcel is used twice in the same year for different crops, the area of this parcel can be counted twice. 

3.11.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All seeds and planting material on the reference areas are included. 

Practical:  At minimum seeds for cereal crops and potatoes are included.  

 

                                                      

30 Countries are no longer obliged to report data on total land area with Crop Statistics; however countries may 

report these data on a voluntary base. 

http://webdab.emep.int/Unified_Model_Results/
http://webdab.emep.int/Unified_Model_Results/
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3.11.3. Guidelines on practical implementation 

This section may be updated in the future, following actions listed in section 3.11.7, see also the 

discussion in section 3.11.4. 

 

Equation 18.       (           )    ∑ {       (      )                    
 (              ) }   

 

Equation 19.       (           )    ∑ {       (      )                    
 (              ) }   

 

Equation 20.        (      )           (       )       (              ) 

 

The N amount of seeds input to agricultural soils (Nseed) is estimated by summing up the N seed inputs 

of the different crops. The N seed input of crop i is estimated by multiplying the amount of seeds used 

for crop i (Cseed_i) with a coefficient to convert to nutrient contents (Nseed_coefficient_i), see Equation 18. In 

a similar way the P amount of seeds input to agricultural soils (Pseed) can be estimated with Equation 

19. The amount of seeds used of crop i can be derived from data on sowing rates of crop i (SRi) and 

cropped areas of crop i (Acrop_i), see Equation 20. If data on cropped areas are not available data on the 

area under cultivation can be used as an approximation. 

In principle countries should provide estimates on seed nutrient inputs for all crops cultivated on the 

reference area. However as data are in most countries limited available the minimum reporting 

requirement are data on seed input of cereal crops and potatoes, see section 3.11.4.  

Data may be available from country specific data sources or from e.g. Economic Accounts for 

Agriculture. 

3.11.4. Discussion 

Data collection in 2010/2011 showed that data on seeds and planting material: 

 are not available from all countries (19 countries reported seeds),  

 are often only available for a limited number of crops,  

 are often based on standard or assumed seeding rates,  

 country-specific data on nutrient contents were often not available,  

 seeds and planting material were <2% of nutrient input in most countries for which data was 

available, in Hungary, Poland and Slovakia seeds and planting materials are of minor 

importance for P (2-5% of total P inputs). 

 Data were provided on amount of seeds in tonnes and nutrient contents of seeds. 

 After several discussions in WG meetings on AEI31 it was agreed to keep this flow in the 

practical implementation of the budget but require data for only a selected group of crops. Data 

collected in 2010/2011 from show that cereals and potatoes accounted for more than 90% of 

total seed input reported in 15 of the 19 countries, see Annex 3. 

3.11.5. Coherence with UNFCCC/UNECE 

Not applicable 

                                                      

31 Responses countries and discussions WG meetings in 2010, 2012 and 2013 

https://circabc.europa.eu/sd/d/8a4ad51f-ba70-4808-888e-2c8df4eb6dc5/Nutrient%20balances.pdf
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id3&FormPrincipal_SUBMIT=1&id=765856eb-3926-47bf-9ec2-644d6bce1d70&javax.faces.ViewState=rO0ABXVyABNbTGphdmEubGFuZy5PYmplY3Q7kM5YnxBzKWwCAAB4cAAAAAN0AAIxN3B0ACsvanNwL2V4dGVuc2lvbi93YWkvbmF2aWdhdGlvbi9jb250YWluZXIuanNw
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id3&FormPrincipal_SUBMIT=1&id=a956981c-38c2-4506-9880-8270f9292b73&javax.faces.ViewState=rO0ABXVyABNbTGphdmEubGFuZy5PYmplY3Q7kM5YnxBzKWwCAAB4cAAAAAN0AAE4cHQAKy9qc3AvZXh0ZW5zaW9uL3dhaS9uYXZpZ2F0aW9uL2NvbnRhaW5lci5qc3A=
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3.11.6. Default estimation procedure 

In case countries do not have data available, Eurostat will estimate nutrient seed input by applying 

default values mentioned in Table 8 to areas under cultivation from crop statistics (apro_cpp_crop). 

More information on these default values can be found in Annex 3.  

Table 8. Default nutrient seed input rates per ha 

 kg N per ha kg P per ha 

Wheat 4 0.7 

Other cereals 3 0.6 

Potatoes 8 1.3 

3.11.7. Actions foreseen 

Currently some pilot-projects on nutrient contents of crops are carried out. These actions may provide 

some improvement in data availability on seeds and nutrient contents.   

3.12. Crop residues inputs 

3.12.1. Definitions 

The main purpose of agricultural cultivation of plants is crop and fodder production. A (fodder) crop 

is the part of the plant cultivated by agriculture which is harvested and processed as main purpose for 

food, fodder or industrial production (e.g. grain, sugar beets, potatoes etc.).  

Crop residues (Equation 21) are:  

i) Residues of the plant which remain after harvest of the (fodder) crop (e.g. stalks and stubble) 

(Cres_left). Crop residues may remain above (Cres_left_above) or below (Cres_left_below) ground 

(Equation 22). 

ii) Residues which are harvested as by-product with the fodder (crop) (e.g. straw) and can be used 

as feed for animals, bedding material or other purposes (Cres_harvest). Some of these residues may 

be removed completely from agriculture (Cres_remove) and some (Cres_return) may return to the field 

at a later stage (e.g. in litter) (Equation 23).  

iii) Residues of the plant which are burned on the field (Cres_burnt). A part of N is lost (volatilises) 

with burning of crop residues (Cres_volatilised), a part is returned to the soil with the ashes (Cres_ash) 

(Equation 24). It is assumed that there are no losses of P with burning of crop residues, all P in 

the burned crop residue remains in the ashes. 

 

Equation 21.                                           

 

Equation 22.                         
                

 

  

Equation 23.                                       

 

Equation 24.                                       

 

  

http://appsso.eurostat.ec.europa.eu/nui/show.do?query=BOOKMARK_DS-075769_QID_49344766_UID_-3F171EB0&layout=TIME,C,X,0;GEO,L,Y,0;CROP_PRO,L,Z,0;STRUCPRO,L,Z,1;INDICATORS,C,Z,2;&zSelection=DS-075769STRUCPRO,AR;DS-075769CROP_PRO,C1040;DS-075769INDICATORS,OBS_FLAG;&rankName1=TIME_1_0_0_0&rankName2=STRUCPRO_1_2_-1_2&rankName3=INDICATORS_1_2_-1_2&rankName4=CROP-PRO_1_2_-1_2&rankName5=GEO_1_2_0_1&sortC=ASC_-1_FIRST&rStp=&cStp=&rDCh=&cDCh=&rDM=true&cDM=true&footnes=false&empty=false&wai=false&time_mode=ROLLING&lang=EN&cfo=%23%23%23%2C%23%23%23.%23%23%23
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3.12.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:  All nutrients incorporated into the soil with crop residues left on the field, returned to 

the soil and ashes of burned crop residues on the reference area are included. 

Practical:  Crop residues are not accounted in the input side of the practical implementation. 

 

3.12.3. Guidelines on practical implementation 

Crop residues are not accounted in the input side of the practical implementation.  

3.12.4. Discussion 

In the ideal budget all nutrient flows to and from the soil should be included. In the ideal budget the 

different flows from crop residues to and from the soil would need to be clearly distinguished. In the 

ideal budget the crop residues left (Cres_left), returned to the field (Cres_return) and the ashes of burned 

crop residues (Cres_ash), should be counted at the input-side of the budget and all crop residues (Cres_left, 

Cres_harvest and Cres_burnt) at the output-side of the budget see Table 1. Including all crop residues at the 

output side of the budget is to be able to estimate correct nutrient use efficiencies. The difference with 

regards of the treatment of crop residues in the ideal budget and the practical implementation is the 

effect on the estimated nutrient use efficiencies. Nutrient use efficiencies are estimated as 

Inputs/Outputs. Nutrient use efficiencies estimated with the ideal budget increase if the share of crop 

residues which are left on the field increases (cet. par.). Nutrient use efficiencies estimated with the 

practical implementation of the budget do not take into account the beneficial effect of crop residues 

left on the field.  

The estimated surplus from crop residue input and output in the practical implementation of the 

nitrogen budget approaches the surplus estimated with the ideal approach if the majority of N is lost 

(volatilization) with burning of crop residues, see Table 9 and Table 10 in subchapter 3.15.  

Following a written consultation with members of the Eurostat Working Group on AEI, it was 

concluded not to include crop residues at the input side of the nutrient budgets to reduce data 

requirements and at the same time improve the estimated surplus by including certain crop residues at 

the output side of nutrient budgets in the practical implementation. See for a further discussion on 

crop residues subchapter 3.15. 

3.12.5. Coherence with UNFCCC/UNECE 

The IPCC Guidelines estimate GHG emissions for the (net) crop residue input, see Annex 5. In the 

nutrient balances the net removal of crop residues is taken into account.  

3.12.6. Default estimation procedure 

Not applicable. 

3.12.7. Actions foreseen 

Inclusion of data on crop residue input in the nutrient budgets is not foreseen in the short term. 

3.13. Crop production 

3.13.1. Definitions 

See also section 3.11.1. 

Crops cultivated by agricultural holdings on the UAA include crops listed in Regulation (EC) No 

543/2009. Other crops cultivated by agricultural holdings not mentioned in Regulation (EC) No 

543/2009 (e.g. ornamental plants) may also be included. Fodder crops such as plants harvested green 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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(C2610), temporary (C2680) and permanent grassland (C0002) are not considered in this subchapter, 

they are discussed in subchapter 3.14 on Fodder production.  

Harvested crop-production is defined in Eurostat Crop Statistics (regulation (EC) No 543/2009), as 

the production including on-holding losses and wastage, quantities consumed directly on the farm and 

marketed quantities, indicated in units of basic product weight. By-products and crop residuals are 

excluded under this definition. 

Harvested area is defined in Eurostat Crop Statistics as the part of the cropped area that is harvested. 

It can, therefore, be equal to or less than the cropped area.  

Yield is defined in Eurostat Crop Statistics as the harvested production per area under cultivation. 

Main area of a given parcel is defined in Eurostat Crop Statistics as the area where the parcel has 

been used only once during a given crop year, and which is unequivocally defined by that use. 

3.13.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All crop products harvested on the reference area are included. 

Practical:  Estimation based on country specific nutrient coefficients and crop production  

                          data reported to Eurostat with Crop production statistics.   

 

3.13.3. Guidelines on practical implementation 

This section may be updated in the future, following actions listed in section 3.13.7, see also 

discussion in section 3.13.4. 

 

Equation 25.       (           )    ∑ {        (      )                    
 (               )}   

 

Equation 26.       (           )    ∑ {        (      )                    
 (               )}   

 

N removal with crop production (Ncrop) is estimated by summing up N removal of different crops. N 

removal with crop production of crop type i is estimated by multiplying crop production of crop i 

(Ccrop_i) with a coefficient (Ncrop_coefficient_i) to convert tonnes into N amount, see Equation 25. In a 

similar way P removal with crop production (Pcrop) can be estimated (Equation 26). Annual data on 

crop production are available from Crop Statistics (regulation (EC) No 543/2009). This is the 

designated data source for countries to use to estimate nutrient removed by harvested crops for all 

crop production reported under this regulation. In principle countries should report data on all crop 

products harvested on the reference area. The minimum data requirement is nutrient removal of crops 

for following crops under regulation 543/2009: cereals (C1040), dried pulses (C1300), root crops 

(C1350), industrial crops (C1400), vegetables (C1600) and fruit (C2009). Plants harvested green 

(C2610), temporary (C2680) and permanent grassland (C0002) are considered in subchapter 3.14.  

Coefficients to translate crop production in nutrient amounts are available in some countries. Care 

should be taken that coefficients refer to the harvested crop. For some crops only a part of the crop is 

harvested, and nutrient contents of the harvested and non-harvested plants may vary. The coefficient 

should also refer to the unit in which the production is measured. Crop production can be reported as 

field-dry or fresh weight or in dry matter. A correction factor can be applied to production in field-dry 

or fresh weight to derive dry matter yields.  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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3.13.4. Discussion 

Annual data on production of most crops cultivated on UAA are available from Crop Statistics 

(regulation (EC) No 543/2009). Some crops which are part of UAA are however not covered by Crop 

Statistics (e.g. ornamental plants and flowers, nurseries, seed and seedlings). Data from the 2010/2011 

data collection show that these crops are only reported by a few countries (Netherlands, Spain, 

Belgium, Poland, France, United Kingdom and Switzerland) and are negligible (<1% of total nutrient 

removed with the harvest of crops in 2006) in all of these countries except the Netherlands. If flowers 

and other crops not included in Crop Production Statistics cover more than 1% of UAA, countries 

should estimate and report nutrient removal of these areas, unless nutrient removal of these crops is 

below 1% of total nutrient removal of crops. Data on minor crops may also be available from 

Economic Accounts for Agriculture. 

3.13.5. Coherence with UNFCCC/UNECE 

Not applicable 

3.13.6. Default estimation procedure 

There is little data available on crop nutrient contents. Differences in coefficients used by countries 

can partly be explained by differences in farmer practices, climate, soil etc. Data collection in 

2010/2011 however also showed very large differences between neighbouring countries, this suggests 

that a part of the variation may be due to differences in methodologies used to estimate crop nutrient 

contents. There is a need to improve coefficients used by countries to estimate nutrient contents of 

harvested crops, to establish guidelines for the estimation of such coefficients, to benchmark 

coefficients and to develop default values, see also section 3.13.7. At present default values could not 

be established. As this is a major flow in the nutrient budgets, the flow cannot be ignored. As an 

intermediate solution, until default values are established, Eurostat will estimate coefficients for 

countries which do not have country-specific data available from data of comparable countries. Data 

on crop production will be derived from crop statistics.  

3.13.7. Actions foreseen 

There is a need to improve coefficients used by countries to estimate nutrient contents of harvested 

crops, to establish guidelines for the estimation of such coefficients, to benchmark coefficients and to 

develop default values. In 2012 Eurostat started pilot projects with a few countries to improve or 

establish such coefficients. These pilot studies could be a first step towards establishing default 

values, estimation guidelines and verification procedures. Other actions in medium and long term may 

follow.  

3.14. Fodder production 

3.14.1. Definitions 

See also section 3.13.1. 

Gross grassland production: The total amount of biomass (in tonnes of nutrients) produced on 

grasslands. This is the potential amount of biomass available for harvesting and/or grazing. 

Net grassland production: The total amount of biomass (in tonnes of nutrients) removed from 

grasslands. Not the entire potential amount of biomass is removed by harvesting and/or grazing, a part 

flows back to the soils. For instance not all of the biomass produced on grazed grasslands is actually 

grazed by animals; a part of the biomass gets trampled and is therefore not grazed by grazing animals. 

Other losses occur during harvesting, conservation of hay and silage and with the feeding of animals 

with fresh grass, hay and silage. The net grassland production is calculated from the gross grassland 

production corrected for these losses. 

  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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3.14.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All fodder harvested and grazed on the reference area are included. 

Practical:  Estimation based on country specific nutrient coefficients and crop production  

data reported to Eurostat with Crop production statistics and country estimations on 

fodder production.     

 

3.14.3. Guidelines on practical implementation 

This section may be updated in the future; following actions listed in section 3.14.7 see also 

discussion in section 3.14.4. 

Annual plants harvested green 

For some fodder crops data on production is available from annual Crop Statistics (Regulation (EC) 

No 543/2009):  

Annual plants harvested green (area under cultivation and production) (C2611). 

– Green maize (area under cultivation, production and yield)  

– Cereals harvested green (area under cultivation and production) 

Together with coefficients on crop nutrients, nutrients removed by the harvest of these fodder crops 

can be estimated (Equation 25 and Equation 26). Coefficients to translate fodder production in 

nutrient amounts are available in some countries. Care should be taken that established coefficients 

refer to the harvested fodder crop. For some crops only a part of the crop is harvested, and nutrient 

contents of the harvested and non-harvested plants may vary. Coefficients should also refer to the unit 

in which production is measured. Crop production can be reported as field-dry, fresh weight or in d.m. 

A correction factor can be applied to production in field-dry or fresh weight to derive d.m. yields.  

Minimum data requirement: nutrient removal of Annual plants harvested green (C2611). 

Leguminous plants 

Data on production of leguminous plants such as clover and lucerne are currently not available from 

Eurostat statistics. Some countries however estimate N removal by harvest and or grazing of 

leguminous crops by applying coefficients to data on production (harvested and grazed) as is 

presented in Equation 25. In other countries a coefficient is applied to the area under cultivation 

(Acrop_i), see Equation 27. In these cases a constant yield over time has been assumed. The same 

applies for P (Equation 28). 

 

Equation 27.       (           )      {       (       )                      
 (           )} 

 

Equation 28.       (           )       {       (       )                      
 (           ) } 

 

Data on areas are available from annual Crop Statistics (Regulation (EC) No 543/2009):  

 Leguminous plants (area under cultivation) (C2670) 

Data on main areas of these fodder crops are also available from FSS. Countries which have country-

specific data available on this flow can report these data. 

Minimum data requirement: Nutrient removal of Leguminous plants (C2670)  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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Grassland 

Data on the gross and net production of grasslands are currently not available from Eurostat statistics. 

Some countries however have established methods to estimate the gross and net nutrient removal by 

the harvest and or grazing of grasslands, see also discussion in section 3.14.4. Countries which have 

country-specific data available on this flow can report these data. 

Minimum data requirement is nutrient removal of (gross and net production) of following crops under 

regulation 543/2009: Temporary grasslands (C2680) and Permanent grasslands (C0002). 

3.14.4. Discussion 

Data on production of grasslands are currently not available from Eurostat statistics. Data on areas are 

available from annual Crop Statistics (Regulation (EC) No 543/2009):  

 Temporary grasses and grazing (area under cultivation) 

 Permanent grassland (main areas, also at regional level: NUTS2, UK and DE at NUTS1) 

Data on main areas of these fodder crops are also available from the Farm Structure Survey.  

Some countries may have established methods to estimate the nutrient removal by the harvest and or 

grazing of grasslands: applying a yield-factor to the grassland area based on scientific research, 

surveying farmers, measurements in a selected sample of farms, modelling etc. Countries which have 

data available on this flow can report these data.   

The approach used has a significant impact on estimated removal of nutrients by harvest and grazing 

of grasslands, and as in most countries grasslands cover a major part of UAA the approach used to 

estimate removal of nutrients by harvest and grazing of grasslands has a considerable impact on the 

outcome of the budget. Grass yield estimations from research farms are generally higher than from a 

farm survey, due to the fact that research farms are often more intensive and productive than the 

average farm. Methods used by the farmer also determine the accuracy of the result; are the products 

harvested weighed to determine the amount, or is the harvest estimated from average height of grass 

in a field etc. Some methodologies (e.g. constant per ha rates) do not capture changing farmer 

practices. Reducing grazing livestock will normally lead to a lower grassland production; this is not 

taken into account when constant rates are used. The Netherlands and Switzerland estimate grassland 

production with a fodder balance: consumption of grass grazed is the balancing item of the equation 

with on the left side animal energy requirements and on the right side intake from grass grazed and 

other feed. This approach has the advantage that it reflects changes in farmer practices. Results in 

Netherlands for the period 1990-2002 showed a decreasing trend in grassland N removal following 

decreasing N inputs from manure and fertilizers32. The fodder balance is also used as an input in the 

estimation of excretion coefficients. A participant in the Task Force meeting on Gross Nutrient 

Balances held in November 2011 mentioned the opposite approach: to estimate fodder N intake from 

excretion. N excreted by livestock type i (Nexcretion_i) in a year must equal the amount of N consumed 

by livestock type i in a year (Nanimalfeed_i) minus amount of N retained in the animal and animal 

products of livestock type i (Nanimalretention_i), see Equation 29. If excretion rates are known or 

established the N removal with animal feed can be estimated by summing up N excretion and N 

retention in the animal and animal products of different livestock types, see Equation 30. However 

this approach is less sensitive to farmer changes as fixed excretion coefficients are used.  

In a similar way P in fodder (Panimalfeed_i) can be estimated from Equation 31 and Equation 32. 

 

                                                      

32 See http://www.cbs.nl/en-GB/menu/themas/landbouw/publicaties/artikelen/archief/2005/2005-1625-

wm.htm?Languageswitch=on  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
http://www.cbs.nl/en-GB/menu/themas/landbouw/publicaties/artikelen/archief/2005/2005-1625-wm.htm?Languageswitch=on
http://www.cbs.nl/en-GB/menu/themas/landbouw/publicaties/artikelen/archief/2005/2005-1625-wm.htm?Languageswitch=on
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Equation 29.             (           )  

             (           )                    (           ) 

 

Equation 30.               (           )   

  ∑  {            (           )                      (           )}  

 

Equation 31.             (           )  

             (           )                    (           ) 

 

Equation 32.               (           )   

  ∑  {            (           )                      (           )}  

 

The Guidelines (2012) for the Economy Wide Material Flow Accounts (EW-MFA) suggest 2 

approaches to estimate harvested fodder and biomass grazed when national data are not available: a 

supply-side approach or a demand-side approach. In the EW-MFA the supply-side approach attempts 

at closing gaps in production data for individual fodder crop categories. The demand-side approach 

takes the annual fodder requirement of the existing livestock as the starting point for estimating the 

total production of fodder crops; see Annex 4. 

DireDate recommendations with regard to estimation of grassland production and nutrient removal: 

 Install a Working Group with scientists, agronomists, and statisticians of different Member 

States to develop a methodology to estimate grassland yields taking different management 

types into consideration (rough grazing, extensively managed, and intensively managed).  

 Estimates of the area and yields of different types of grasslands are needed.  

 Estimations may be based on empirical data (field experiments), results of crops models, expert 

estimates and feed balances of dairy cattle (i.e. feed N intake can be estimated from milk yield). 

The model MITERRA-EUROPE (Velthof et al, 2009) is one example of possible 

methodologies, another one is the study of Aarts et al. 2008 in the Netherlands, in which the 

grassland yield was estimated on farm level using data on milk production, energy 

requirements, feed composition, and maize yields. Grassland yield was the output of a balance 

calculation. Such a calculation can be also made on a regional level, but a methodology must be 

derived. Evidently, these mean yield estimates should have a firm and scientifically sound 

underpinning. 

 Introduce control measures. Once satisfactory NUEs and PUEs for livestock have been 

established (see Equation 3 and Equation 4 in paragraph 3.6.1), feed N (Nanimalfeed) and P intake 

(Nanimalfeed) can be calculated from Equation 30 and Equation 32. Feed N intake (Nanimalfeed) 

consists of N in animal feed produced at farms (Nanimalfeed_farm) (grass, maize etc.) and N in 

animal feed products from industry (Nanimalfeed_import) (concentrates etc.), see Equation 33. 

Nanimalfeed_farm can be estimated with Equation 34. Validation can be made with statistics on land 

use areas and fodder production. In a similar way P in animal feed produced at farms 

(Panimalfeed_farm) can be estimated with Equation 35 and Equation 36. 

 

 

http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Economy-wide%20material%20flow%20accounts%20compilation%20guide%20%20-.pdf
http://edepot.wur.nl/20883
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Equation 33.             (           )   

                 (           )                     (           ) 

 

Equation 34.                 (           )   

             (           )                     (           ) 

 

Equation 35.             (           )   

                 (           )                     (           ) 

 

Equation 36.                 (           )   

             (           )                     (           ) 

 

The Eurostat Task Force meeting on Gross Nutrient Balances in November 2011 in Luxembourg 

discussed EW-MFA and DireDate recommendations. Following recommendations were made: 

 The method to estimate grassland production and nutrient removal should be able to capture 

changes in farmer practices, and data should be estimated at an annual rate. 

 Ideally both demand-side and supply side should be combined to crosscheck results.  

 Grassland production needs to be estimated for different types of grasslands and at regional 

level. Grassland output is depending on fertilizer inputs, grazing/mowing practices, intensity of 

farming etc. These factors vary across different grasslands systems and perhaps yields may also 

vary between regions due to climate differences etc. One suggestion would be to classify 

grasslands according to their production potential (fertilizer inputs, grazing/mowing practices, 

intensity of farming etc.). Grasslands could also be classified according to their environmental 

potential (High Nature Value grassland, rotational grasslands, and other less biologically 

valuable grasslands). Classification could be linked to the frequency of grassland cut (the more 

cuts, the more intensive). Classifying grasslands as intensive or extensive is a politically 

sensitive question.  

 

Equation 37.           (           )                (           )   (   (            

                  
                               )) 

 

Equation 38.            (           )               (           )   (   (            

                  
                               )) 

 

Not all of the produced grass is removed from agricultural soils. The N removal with the gross 

production of grassland (Ngrass_gross) needs to be corrected to determine the N removal with the net 

production of grassland (Ngrass_net), see Equation 37. In a similar way the P removal with the net 

production of P in grassland (Pgrass_net) is estimated from the P removal with the gross production 

(Equation 38): 
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 A part of grass produced on grazed grasslands is not consumed by grazing animals, due to 

trampling of grass by grazing animals. Total grassland production (in tonnes of Nutrients) 

therefore needs to be corrected for this share (xgrass_tramp).   

 During harvesting of grass, losses may occur. These losses remain on field. Total grassland 

production (in tonnes of Nutrients) needs to be corrected for this share (xgrass_harvest_loss).   

 During conservation of hay or silage losses may occur due to volatilization of N and leaching of 

N and P. It is assumed that the nutrients leached return to the soil. N volatilization is included in 

total GNS.  Total grassland production (in tonnes of Nutrients) therefore needs to be corrected 

for this share (xgrass_conserv).   

 During feeding of fresh grass, hay and silage to animals, losses may occur. It is assumed that 

these nutrients return to the soil through the litter. Total grassland production (in tonnes of 

Nutrients) therefore needs to be corrected for this share (xgrass_feeding).   

Data from other data sources may also be helpful in providing estimates of fodder production, e.g. 

Economic Accounts for Agriculture. 

3.14.5. Coherence with UNFCCC/UNECE 

Not applicable 

3.14.6. Default estimation procedure 

Data on production is available for annual plants harvested green from crop statistics. Some countries 

may have provided data on leguminous plants production with crop statistics. However for some 

countries such data will not be available from crop statistics. Data on grassland production is neither 

available, see section 3.14.7. The removal of nutrients with the harvest and/or grazing of leguminous 

plants and grasslands will in these cases be estimated with a coefficient relating to area units and data 

on land use from crop statistics. 

There is little data available on coefficients of crop nutrient contents of annual plants harvested green 

and leguminous plants and coefficients relating to area units to estimate removal of nutrients with 

harvest and/or grazing of leguminous plants and grasslands. Differences in coefficients used by 

countries can partly be explained by differences in farmer practices, climate, soil etc. Data collected in 

2010/2011 showed very large differences between neighbouring countries, suggesting that a part of 

the variation may be due to differences in methodologies used to estimate coefficients. There is a need 

to improve coefficients used by countries to estimate nutrient removal of harvested and grazed fodder 

crops, to establish guidelines for the estimation of such coefficients, to benchmark coefficients and to 

develop default values, see section 3.13.7. At present default values could not be established. As this 

is a major flow in the nutrient budgets, the flow cannot be ignored. As an intermediate solution, until 

default values for coefficients are established, Eurostat will estimate coefficients for countries which 

do not have country-specific data available from data on coefficients of comparable countries.  

3.14.7. Actions foreseen 

To improve data on grassland statistics, incl. land use, the estimation of grassland production and 

biological fixation, Eurostat has issued a tender on grassland statistics. The project was signed in 

September 2012 and a kick-off meeting has been organised at the beginning of October 2012. The 

contract has duration of 14 months. The objective of the project is: 'to define different types of 

grasslands and their productivity and to describe how data can be collected on these different types of 

grassland in the EU so that a coherent European data set is created''.  

This project will provide a first step towards a harmonised classification of grasslands and the 

estimation of grassland production and biological fixation. Follow-up actions may be needed. 
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3.15. Crop residues outputs 

3.15.1. Definitions 

See section 3.12.1. 

3.15.2. Description in Ideal and Practical implementation of GNB and PB 

 

Ideal:   All nutrients in crop residues of the reference area are included.  

Practical:  N: N removal with crop residues removed from the soil (Nres_remove) and burned 

(Nres_burnt) estimated from country-specific data or if not available default estimation 

procedure described in Annex 5 with IPCC default values mentioned in Table 21 and 

default recovery rates of EW-MFA Guidelines (Table 23).  

 P: P removal with crop residues removed from the soil (Pres_remove) estimated from 

country-specific data.  

 

3.15.3.  Guidelines on practical implementation 

 

Equation 39.             (           )  

 ∑ {           
 (      )                        

 (              )}   

 

Equation 40.             (           )  

 ∑ {           
 (      )                        

 (              )}  

  

Equation 41.           (           )     ∑ {           (      )                        
(    )}    

  

The (net) N removal of crop residues from the field (Nres_remove) can be estimated by summing up the 

(net) N removals of crop residues for different crops. The (net) N removal of crop residues from the 

field of crop i is estimated by multiplying the (net) amount of crop residues removed of crop i 

(Cres_remove_i) with a coefficient on the residue N content (Nres_remove_coefficient_i), see Equation 39. In a 

similar way the (net) P removal of crop residues from the field (Pres_remove) can be estimated with 

Equation 40. If data are not available on the net removal of crop residues of crop i (Cres_remove), see 

Equation 23, countries may report total crop residues harvested from the field for crop i (Cres_harvest_i) 

as an approximation. Data on nutrient contents of crop residues may be available in some countries. 

Coefficients should refer to the content of the residue and the unit in which the residue is measured 

(dry weight, fresh content, m.c. etc.).  

In principle data on all (net) crop residue removals should be included. Minimum requirement is the 

(net) removal of crop residues of cereal crops, rapeseed, soybean and sugar beet.  

The N removal with crop residues burned on the field (Nres_burnt) can be estimated by summing up the 

N removals with burning of crop residues of different crops. The N removal with crop residues burned 

on the field of crop i is estimated by multiplying the amount of residues of crop i burned (Cres_burnt _i) 

with a coefficient on the residue N content of crop i (Nres_burnt_coefficient_i), see Equation 41.  

It is advised to coordinate country specific data on crop residues removals and burning with data 

reported to UNFCCC, see also section 3.15.5 UNECE.  
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3.15.4. Discussion 

In the GNB N with crop residues removed (Nres_remove) and burned (Nres_burnt) will be included at the 

output-side in the practical implementation, see Table 9. If the majority of N is lost (volatilization) 

with burning of crop residues the surplus estimated with the practical implementation will approach 

the surplus estimated with the ideal approach (ceteris paribus).  

Table 9. Crop residues in ideal and practical implementation of GNB  

 Ideal budget Practical implementation 

Inputs  Crop residues left on the field (Nres_left) 

Crop residues returned to the field (Nres_return) 

Crop residues ashes (Nres_ash) 

 

Outputs Crop residues (Nres_left + Nres_harvest + Nres_burnt) Crop residues removed (Nres_remove) 

Crop residues burnt (Nres_burnt) 

Surplus  (Nres_left + Nres_return + Nres_ash) – (Nres_left + 

Nres_harvest + Nres_burnt) = - (Nres_remove + 

Nres_volatilised) 

= - (Nres_remove + Nres_burnt) 

In PB only nutrient removal with crop residues removed (Pres_remove) will be included at the output-side 

in the practical implementation, see Table 10. As it is assumed that with burning of crop residues no P 

is lost only crop residues removed (Pres_remove) will be included at the output-side of the budget in the 

practical implementation of PB.  

Table 10. Crop residues in ideal and practical implementation of PB  

 Ideal budget Practical implementation 

Inputs  Crop residues left on the field (Pres_left) 

Crop residues returned to the field (Pres_return) 

Crop residues burned (Pres_burnt) 

 

Outputs Crop residues (Pres_left + Pres_harvest + Pres_burnt) Crop residues removed (Pres_remove) 

Surplus  (Pres_left + Pres_return + Pres_burnt) – (Pres_left + 

Pres_harvest + Pres_burnt) = - (Pres_remove) 

= - (Pres_remove) 

In the ideal budget the estimated N surplus from crop residues is N removal with the net removal of 

crop residues (-Nres_remove), see Table 9. For P it is P removal with the net removal of crop residues (-

Pres_remove), see Table 10. The amount of crop residues removed completely from agriculture 

(Cres_remove) can be estimated by subtracting crop residues which were harvested from the field but at a 

later stage later reapplied to the field (e.g. in compost or litter) (Cres_return) from total crop residues 

harvested (Cres_harvest). Data on reapplication of crop residues is however often not available in 

countries. Also some countries may currently count reapplication of crop residues under other flows 

of the budget; e.g. nutrients in straw used for bedding may have been taken into account in estimation 

of excretion. Crop residues reapplied to the soil may also have been reported under other organic 

fertilizers. Therefore in the practical implementation of the budget countries may report the total N 

(respectively P) removal with crop residues harvested from the field, Nres_harvest (respectively Pres_harvest) 

as an approximation of the net N (respectively P) removal of crop residues, Nres_remove (respectively 
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Pres_remove). When the fraction of harvested crop residues which are removed completely from 

agriculture is large Nres_harvest (respectively Pres_harvest) will approach Nres_remove (respectively Pres_remove). 

A description in the IPCC Guidelines and EMEP/EEA Guidebook on the estimation of crop residues 

is included in Annex 5, see also section 3.15.5.  

The Guidelines (2012) for the Economy Wide Material Flow Accounts (EW-MFA) also provide some 

guidelines on the estimation of the amount of crop residues removed from the field, see Annex 5. The 

amount of crop residues for a crop is estimated by multiplying data on the main production of the crop 

with a harvest factor (ratio between main crop and residue). The fraction of crop residues removed 

from the field is subsequently estimated by multiplying the total crop residues with the recovery rate. 

The main crops which provide crop residues are listed in Table 23. Data on the main production of 

these crops are available from Eurostat Crop Statistics.  

Data on harvested crop residues may also be available from other data sources such as Economic 

Accounts for Agriculture. 

3.15.5. Coherence with UNFCCC/UNECE 

IPCC 1996 Guidelines (Tier1a) estimate incorporation of crop residues by determining total amount 

of crop residue N produced and adjusting it for the fraction that is burned in the field when residues 

are burned during or after harvest. It does not include removal of crop residues for other purposes. 

However IPCC Good Practice Guidance (Tier1b) proposes to adjust the calculation by accounting 

removal of crop residues for fuel, construction material and fodder. This requires however country-

specific data, if country-specific data are not available no removal is assumed.  IPCC 1996 Revised 

Guidelines (Volume 3, Chapter 4.4.3) recommends using three year averages for activity data. IPCC 

2006 Guidelines describe the estimation of the amount of N in crop residues (above-ground and 

below-ground), including N-fixing crops, returned to soils annually. It is estimated from crop yield 

statistics and default factors for above-/belowground residue: yield ratios and residue N contents. In 

addition, the method accounts for the effect of residue burning or other removal of residues. Again 

country-specific data on fraction of crop residues removed is needed else no removal is assumed. If 

country-specific data are available it is possible to estimate the total N in crop residues which consist 

of the part of N in residues which is left on the field (Nres_left_kg) and the part of N in residues which is 

harvested from the field (Nres_harvest_kg)
33. IPCC 2006 Guidelines (Volume 4, Chapter 11.2.1) is based 

on annual activity data. See for more details on the IPCC Guidelines on crop residue input Annex 5.  

It is advised to coordinate country specific data on crop residues removals and burning with data 

reported to UNFCCC, see also section 3.15.5 UNECE. Whereas data are reported to UNFCCC 

(following IPCC 1996 Guidelines) are based on three-year averages countries are recommended to 

provide annual data in the Nutrient Budgets if available. 

3.15.6. Default estimation procedure 

Countries which do not have data available on crop residues removed from the field can as an 

approximation estimate the nitrogen amount of crop residues harvested from the field with the 

procedure coherent with IPCC Guidelines described in Annex 5 and recovery rates mentioned in the 

guidelines of the EW-MFA. For phosphorus Eurostat will apply the same procedure to estimate the 

amount of above ground residues harvested and multiply this with available data on coefficients from 

comparable countries. For countries which have no data available on burning of crop residues on the 

field, no burning will be assumed 

                                                      

33 Nres_left = FCR and Nres_harvest = FCR-REMOVED in IPCC Guidelines. 

http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Economy-wide%20material%20flow%20accounts%20compilation%20guide%20%20-.pdf
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3.15.7. Actions foreseen 

The different flows of crop residues need to be more clearly distinguished in the budget in the future. 

A first step in this direction is the inclusion of a separate sheet on crop residues in the excel 

worksheets. The project on the estimation of excretion mentioned in section 3.6.5 aims at a 

harmonised methodology to estimate excretion; this may include guidelines on how to deal with for 

instance bedding material. Bedding material could perhaps in the future be included as a separate flow 

in the sheet on crop residues. Reporting of compost is currently done as a voluntary requirement under 

the flow ''other organic fertilizers'', it may however in the future be considered whether this flow 

would be better suited in a separate excel sheet on crop residues.  

The grants on crop nutrient contents mentioned in section 3.13.7 may also provide some information 

on the estimation of crop residues or nutrient contents of crop residues.  

Other actions are currently not foreseen. 

3.16. Emissions 

3.16.1. Definitions 

Nitrogen emissions can be differentiated with regards to their gaseous forms: 

 Inert nitrogen (N2). N2 is the most abundant element in the earth’s atmosphere but, in this 

form, is almost wholly unusable by the vast majority of living organisms. N in this form does 

not pose a risk to the environment. 

 Reactive nitrogen: all other forms of N such as NH3, NO34 etc. which are biologically 

functional and can pose a risk to the environment.  

3.16.2. Description in Ideal and Practical implementation of GNB 

 

Ideal and Practical: NH3, NO, N2O from  

 animal housing, 

 manure storage, 

 manure application,  

 manure dropped on pastures, 

 application of mineral fertilizers, 

 application of other organic fertilizers, 

 crop residues, and  

 field burning of agricultural wastes35.  

 

3.16.3. Guidelines on practical implementation 

The following emissions are included in the practical implementation of the GNB: Note that the data 

can be obtained from the reporting to UNFCCC and UNECE-CLTRAP. Emissions expressed in NO 

can be transformed to N content by multiplying with 14/30, N2O by multiplying with 28/44, or NH3 

                                                      

34 In this subchapter NO is used to refer to NO, NO2, NOx emissions 

35 This can include emissions due to co-burning of other wastes with agricultural residues.  
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by multiplying with 14/17. Currently the 1996 Guidelines are applicable. As soon as the 2006 

Guidelines are applicable this section will be revised to follow the 2006 Guidelines.  

 NH3 and N2O emissions from animal housing. 

Data on NH3 are required for CLTRAP. Emission factors are calculated by animal type following the 

EMEP/EEA emission guidebook 2009. Data are reported under NFR code 4B. Data on N2O are 

required for UNFCCC GHG Inventories. Emission factors are calculated by animal type following the 

IPCCC 1996 Guidelines. Data are reported in Table 4B (b) in the CRF reports.  

There are currently no guidelines established for NO emissions from animal housing; NO emissions 

from animal housing are therefore not considered. 

 NH3, NO, N2O emissions from manure storage. 

Data on NH3 and NO are required for UNECE CLTRAP. Emission factors are calculated by animal 

type following the EMEP/EEA emission Guidebook 2009. The Guidebook also describes the 

estimation of N2O and N2 emissions from storage which is required to be able to estimate NH3 

emissions from manure application. Though data on N2O are not reported to UNECE, they should be 

available in countries, see for further information Chapter 4B in the Guidebook and Annex 4B36 . 

Description of countries methodologies and data sources used can be found in the countries IIR 

reports. Data on NH3 and NO are reported under NFR code 4B37. 

Data on N2O are required for UNFCCC GHG Inventories. Emission factors are calculated by animal 

type following the IPCCC 1996 Guidelines. Description of countries methodologies and data sources 

used can be found in the countries NIR reports. Data are reported in table 4B (b) in the CRF reports38. 

 NH3, NO, N2O emissions from manure application.  

Data on NH3 and NO are required for CLTRAP. Emission factors are calculated by animal type 

following the EMEP/EEA emission guidebook 2009. Data are reported under NFR code 4B. 

Data on N2O are required for UNFCCC GHG Inventories. Data are reported in table 4Ds1 under 

direct soil emissions. The IPCC 1996 method for calculating direct N2O emissions from soils is based 

on the assumption that 1.25% of all N inputs to agricultural soils are emitted in the form of N2O 

(expressed as N). In this method, N inputs are corrected for gaseous losses through volatilization of 

NH3 and NOx.  

 NH3, NO, N2O emissions from manure dropped on pastures. 

Data on NH3 and NO are required for the CLTRAP. Emission factors are calculated by animal type 

following the EMEP/EEA emission guidebook 2009. Data should in principal be reported under NFR 

code 4D2c; however data are often reported under NFR code 4B. 

Data on N2O are required for UNFCCC GHG Inventories. Emission factors are calculated by animal 

type following the IPCCC 1996 Guidelines. Data are reported in Table 4Ds1 under pasture, range and 

paddock manure.  

 NH3, NO and N2O emissions from soils due to the application of mineral fertilizers.  

Data on NH3 and NO are required for CLTRAP. Emission factors are calculated by fertilised area and 

fertilizer type following the EMEP/EEA Guidebook 2009. Data are reported under NFR code 4D1. 

                                                      

36 Available at http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009/ 

37 IIR and NFR reports can be found at: http://www.ceip.at/overview-of-submissions-under-clrtap/ 

38 NIR and CRF reports can be found at: 

http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php 

http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009/
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
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Data on N2O are required for UNFCCC GHG Inventories. IPCC 1996 method for calculating direct 

N2O emissions from soils is based on the assumption that 1.25% of all N inputs to agricultural soils 

are emitted in the form of N2O (expressed as N). Data are reported in Table 4Ds1 under direct soil 

emissions.  

 NH3, NO and N2O emissions from soils due to the application of other fertilizers (e.g. 

sewage sludge).  

EMEP/EEA Guidebook 2009 does refer to estimation of NH3 and NO emissions due to the 

application of other fertilizers. However this is not a key source and default values are not established. 

Some countries do report data in the NFR reports under NFR Codes 4D2a or 4G. 

The Revised IPCC 1996 Guidelines refer to the estimation of N2O emissions from the application of 

other fertilizers (sewage sludge, Chapter 4.5.2), but do not require the estimation as data are 

considered insufficient available or the emissions are considered insignificant. Some countries include 

sewage sludge in the IPCC 1996 method for calculating direct N2O emissions from soils based on the 

assumption that 1.25% of all N inputs to agricultural soils are emitted in the form of N2O (expressed 

as N). Some countries report data in Table 4Ds1 under direct soil emissions or other emissions.  

 NO and N2O emissions from crop residues.  

EMEP/EEA Guidebook 2009 does refer to estimation of NO emissions from crop residues. However 

this is not a key source and default values are not established. Some countries do report data in the 

NFR reports under NFR Codes 4D2a or 4G. 

Data on N2O are required for UNFCCC GHG Inventories. IPCC 1996 method for calculating direct 

N2O emissions from soils is based on the assumption that 1.25% of all N inputs to agricultural soils 

are emitted in the form of N2O (expressed as N). Data are reported in Table 4Ds1 under direct soil 

emissions.  

 NH3, NO and N2O emissions from field burning of agricultural wastes.  

Data are required for the CLTRAP. Emission factors are calculated following the EMEP/EEA 

Guidebook 2009. Description of countries methodologies and data sources used can be found in the 

countries IIR reports, data are reported in the NFR reports under NFR Codes 4F. 

Data on N2O are required for UNFCCC GHG Inventories. Emission factors are calculated following 

the IPCC 1996 Guidelines. Data are reported in Table 4F in the CRF reports.  

3.16.4. Discussion 

The Handbook follows the IPCC Guidelines and EMEP/EEA Guidebook which are applicable at the 

time. Any revision of the IPCC Guidelines or the EMEP/EEA Guidebook will also apply to the 

guidelines mentioned here.   

3.16.5. Coherence with UNFCCC/UNECE 

For this flow of the nutrient budgets data should be provided which are coherent with data reported to 

UNFCCC/UNECE. Please note that coherence does not necessarily mean exactly the same data. 

Emissions estimated and reported to UNFCCC may overestimate the emissions occurring by the 

agricultural sector. For instance under the IPCC guidelines the GHG emissions from the application of 

mineral fertilizer use are based on activity data which should refer to the total mineral fertilizer 

consumption (not only agriculture), see section 3.5.5. should include non-agricultural use whereas 

data reported in the nutrient budgets should in principle only relate to agriculture. There should 

however be coherence between estimates of total fertilizer use and fertilizer use by agriculture. 

Countries are expected to provide information on the coherence of data reported in nutrient budgets 

and fertilizer statistics and data reported to UNFCCC in the metadata. 
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3.16.6. Default estimation procedure 

If data on N emissions are not available Eurostat will use data on N emissions as reported to 

UNFCCC in the CRF reports and to UNECE/CLTRAP in the NFR reports. 

3.16.7. Actions foreseen 

No actions foreseen. 
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ANNEX 1 LIVESTOCK POPULATION IN IPCC AND EMEP/EEA GUIDELINES 

Revised 1996 Guidelines (Volume 3, Chapter 4.2.3-5) 

Tier 1  

Livestock categorisation 

The average annual population of livestock is required for each of the livestock categories listed in 

Table 11.  

The dairy cattle population is estimated separately from other cattle. Dairy cattle are defined in this 

method as mature cows that are producing milk in commercial quantities for human consumption. 

This definition corresponds to the dairy cow population reported in the FAO Production Yearbook. In 

some countries the dairy cattle population is comprised of two well-defined segments: 

(1) high-producing "improved" breeds in commercial operations;  

(2) and low-producing cows managed with traditional methods.  

These two segments can be combined, or can be evaluated separately by defining two dairy cattle 

categories. However, the dairy cattle category does not include cows kept principally to produce 

calves or to provide draft power. Low productivity multi-purpose cows should be considered as non-

dairy cattle. 

Table 11. Table 4-1 revised 1996 IPCC Guidelines 
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Average Annual Population  

In some cases the population fluctuates during the year. For example, a census done before calving 

will give a much smaller number than a census done after calving. A representative average of the 

population is therefore needed. In the case of poultry and swine, the number of animals produced each 

year exceeds the annual average population (AAP) because the animals live for less than 12 months. 

The population data can be obtained from the FAO Production Yearbook or similar country-specific 

livestock census reports. 

Tier 2 

Livestock categorisation 

To develop precise estimates of emissions, cattle should be divided into categories of relatively 

homogeneous groups. For each category a representative animal is chosen and characterised for the 

purpose of estimating an emission factor. Table 12 presents a set of recommended representative 

cattle types. Three main categories, Mature Dairy Cattle, Mature Non-dairy Cattle, and Young Cattle, 

are recommended as the minimum set of representative types. The subcategories listed should be used 

when data are available. In particular, the sub-population of cows providing milk to calves should be 

identified among non-dairy cattle because the feed intake necessary to support milk production can be 

substantial. In some countries the feedlot category is needed so that the implications of the high-grain 

diets can be incorporated. 

Table 12. Table 4-7 revised 1996 IPCC Guidelines 

 

IPCC 2006 guidelines (Vol. 4, Ch. 10.2) 

Tier 1 

Livestock categorisation 

A complete list of all livestock populations that have default emission factor values must be 

developed (see Table 13) if these categories are relevant to the country. More detailed categories 

should be used if the data are available. E.g. more accurate emission estimates can be made if poultry 

populations are further subdivided (e.g., layers, broilers, turkeys, ducks, and other poultry), as the 

waste characteristics among these different populations varies significantly.  
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Table 13. Table 10.1  IPCC 2006 Guidelines 
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Dairy cows and milk production: The dairy cow population is estimated separately from other cattle 

(see Table 13). The description in the IPCC 2006 Guidelines is the same as in the Revised 1996 

Guidelines. Dairy buffalo may be categorized in a similar manner to dairy cows. 

Average Annual Population (AAP) 

If possible, inventory compilers should use population data from official national statistics or industry 

sources. FAO data can be used if national data are unavailable. Seasonal births or slaughters may 

cause the population size to expand or contract at different times of the year, which will require the 

population numbers to be adjusted accordingly. It is important to fully document the method used to 

estimate the annual population, including any adjustments to the original form of the population data 

as it was received from national statistical agencies or from other sources. 

AAP are estimated in various ways, depending on the available data and the nature of the animal 

population. In the case of static animal populations (e.g., dairy cows, breeding swine, layers), 

estimating AAP may be as simple as obtaining data related to one-time animal inventory data. 

However, estimating annual average populations for a growing population (e.g., meat animals, such as 

broilers, turkeys, beef cattle, and market swine) requires more evaluation. Most animals in these 

growing populations are alive for only part of a complete year (talive_i).  

Equation 42 estimates the AAP of livestock i with multiple production cycles by dividing the number 

of animals produced annually of livestock i (NAPAi) with the number of growing cycles per year for 

livestock i (ngrowing_cycle_i). Animals should be included in the populations regardless if they were 

slaughtered for human consumption or die of natural causes. 

 

Equation 42.       (          )           (    )    (     (          )      )  

               
         (          )  

 

Equation 43.               
          (    )        

 

Tier 2 

Livestock categorisation 

The livestock characterisation requires detailed information on: 

 Definitions for livestock subcategories; 

 Livestock population by subcategory, with consideration for estimation of annual population as 

per Tier 1; 

 Feed intake estimates for the typical animal in each subcategory. 

The livestock population subcategories are defined to create relatively homogenous sub-groupings of 

animals. By dividing the population into these subcategories, country-specific variations in age 

structure and animal performance within the overall livestock population can be reflected. The Tier 2 

characterisation methodology seeks to define animals, animal productivity, diet quality and 

management circumstances to support a more accurate estimate of feed intake for use in estimating 

methane production from enteric fermentation. The same feed intake estimates should be used to 

provide harmonised estimates of manure and nitrogen excretion rates to improve the accuracy and 

consistency of CH4 and N2O emissions from manure management. 

It is good practice to classify livestock populations into subcategories for each species according to 

age, type of production, and sex. Representative livestock categories for doing this are shown in Table 

13. Further subcategories are also possible: 

 Cattle and buffalo populations should be classified into at least 3 main subcategories: mature dairy, 

other mature and growing cattle. Depending on the level of detail in the emissions estimation 
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method, subcategories can be further classified based on animal or feed characteristics. E.g. 

fattening cattle could be further subdivided into t cattle that are fed a high-grain diet and housed in 

dry lot vs. cattle that are grown and finished solely on pasture. 

 Subdivisions similar to those used for cattle and buffalo can be used to further segregate the sheep 

population in order to create subcategories with relatively homogenous characteristics. For 

example, growing lambs could be further segregated into lambs finished on pasture vs. lambs 

finished in a feedlot. The same approach applies to national goat herds. 

 Subcategories of swine could be further segregated based on production conditions. For example, 

growing swine could be further subdivided into growing swine housed in intensive production 

facilities vs. swine that are grown under free-range conditions. 

 Subcategories of poultry could be further segregated based on production conditions. E.g.  poultry 

could be divided on the basis of production under confined or free-range conditions. 

For large countries or for countries with distinct regional differences, it may be useful to designate 

regions and then define categories within those regions. Regional subdivisions may be used to 

represent differences in climate, feeding systems, diet, and manure management. However, this 

further segregation is only useful if correspondingly detailed data are available on feeding and manure 

management system usage by these livestock categories. 

EMEP/EEA 2009 Guidebook (Vol. 4B, Ch. 3.2.3): 

Tier 1 

Livestock categorisation 

Data are required on animal numbers for each of the categories listed in Table 14. An annual national 

agricultural census can supply these data. Otherwise, statistical information from Eurostat or the FAO 

of the United Nations Production Yearbook can be used.  

Average Annual Population 

The AAP, can be obtained by a number of methods. If the number of animals present on a particular 

day does not change over the year, a census of the animals present on a particular day will give the 

AAPi. However, if the number of animals present varies over the year, e.g. because of seasonal 

production cycles, it may be more accurate to base the AAPi on a census of the number of animal 

places, the average capacity for livestock type i in the animal housing that is usually occupied  

(nplaces_i). If this is done, see Equation 44, allowance has to be made for the time that the animal place 

is empty the average duration during the year when the animal place for livestock type i is empty (in 

days) (tempty_i)   

 

There can be a number of reasons why the animal place may be empty for part of the year, but the 

most common are that the production is seasonal or because the building is being cleaned in 

preparation for the next batch of animals. Where the duration of an animal life or the time that animals 

remain within a category is less than one year, it will be common to have more than one production 

cycle per year. In this situation, tempty_i will be the product of the average number of production cycles 

or rounds for livestock type i (ngrowing_cycle_i) per year and the duration per round of the period when the 

animal place for livestock type i is empty e.g. for cleaning (tcleanse_i) (Equation 45). A third method of 

estimating AAPi is to use statistics recording the number of animals produced per year of livestock 

type i (NAPAi) corrected to include the proportion of animals that die and are not sold (xns_i), see 

Equation 46. 
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Equation 44.       (          )           (           )  (          (    )    ) 

 

Equation 45.          (    )                 
             (    ) 

 

Equation 46.      (          )            (          )    (              
   (      )) 

  

Table 14. Table 3-1  EMEP/EEA 2009 Guidebook 
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ANNEX 2 BIOLOGICAL NITROGEN FIXATION IN IPCC GUIDELINES 

Data on biological N fixation is required by the revised IPCC 1996 Guidelines for UNFCCC GHG 

Inventories to estimate direct N2O emissions from the fixation process. Countries may use default 

values or country-specific data. Currently the 1996 Guidelines are applicable, the UNFCCC is 

considering implementing the 2006 Guidelines in 2015. The IPCC 2006 Guidelines no longer require 

data on emissions due to biological N fixation due to lack of evidence of N2O emissions arising from 

the fixation process. Biological fixation will be accounted differently (included in the crop residues). 

Revised IPCC 1996 Guidelines 

The 1996 Revised Guidelines (Volume 3 Chapter 4.5.2) describe a default estimation of nitrogen 

fixed by N-fixing crops in a country per year (Nfix_legumes_kg) (Tier 1a). Only soya bean and pulses are 

included (Clegumes_kg is the seed yield of pulses and soybeans in a country). Tier 1a is based on the 

assumption that the amount of N contained in the aboveground plant material (crop product plus 

residues) is a reasonable proxy for the total amount of N fixed by the crop. Tier 1a is described by 

Equation 4739, it assumes that total crop biomass is about twice the mass of edible crop (FAO, 1990), 

and a certain nitrogen content of nitrogen fixing crop (Nlegumes_coefficient_kg_dry). The default value of 

Nlegumes_coefficient_kg_dry is 0.03 kg N / kg d.m. A residue/crop ratio of 1 is assumed (i.e. the total 

aboveground plant biomass is 2 times the crop product). For specific crops, ratios can be obtained 

from Table 20 (See Annex 5). This crop production is defined in FAO crop data bases as pulses and 

soybeans. Countries can also apply country-specific data if available. 

 

Equation 47.              
 (    )                   (  )                            

 (      

        ) 
 

IPCC Good Practice Guidance 

The IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas 

Inventories (Chapter 4.7.1.1) describe several ways to modify the approach suggested in the IPCC 

Guidelines to estimate more accurately the total mass of aboveground crop residue and product 

nitrogen (Tier 1b), this approach is shown in Equation 48 and Equation 4940: 

 Equation 47 uses a default value of 2 to convert Clegumes_kg to total aboveground crop residue and 

product. This factor is too low for some pulses and soybeans, and may result in underestimating 

the total aboveground crop residue and product. The default value of ‘2’ is replaced by the term 

“(1 + xres_above_legumes_i) * xabove_dry_i”. Residue to crop product mass ratio for each crop type i 

(xres_above_legumes_i) are presented in Table 15. As the ratio of aboveground biomass to crop 

product mass varies among crop types, more accurate estimates can be developed if crop 

specific values are used.  

 Dry matter fraction in the aboveground biomass of each crop type i (xabove_dry_i) also need to be 
incorporated into the equation so that adjustments are made for moisture contents. Note that it 

is assumed that the dry matter content of the residue and product are equal so only one dry 

matter variable is included in the equation. Countries may have dry matter contents specific to 

the product and the residue – these should be used if the additional effort is warranted by 

increased accuracy. 

                                                      

39 Nfix_legumes_kg = F BN and Clegumes_kg = CropBF and Nlegumes_coefficient_kg_dry = FracNCRBF in IPCC Guidelines...  

40 Cres_above_legumes_kg_i = ResBFi and xabove_dry_i is FracDMi in IPCC Good Practice Guidance 
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 In addition, Clegumes_kg should be defined so that it is representative of the products of all N-

fixing crops, not just the seed yield of pulses and soybeans. In particular, N-fixing forage crops 

such as alfalfa should be included in the calculations. Clegumes_kg_i should be defined as the 

‘production of N-fixing crops.’ In the case of N-fixing forage crops such as alfalfa, 

xres_above_legumes_i will equal 0, and Equation 48 becomes Equation 50 (N fixed by N-fixing forage 

crops). 

 

Equation 48.              
 (    )    ∑ {           

(   )   (                     
)   

           
                            

 (              )} 

 

Equation 49.                  
                          

 (  )               
 (  )  

 

Equation 50.              
 (    )   

  ∑ {           
 (   )              

                            
 (                )}   

 

Table 15. Table 4.16 IPCC Good Practice Guidance 
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Note that if inventory agencies use Equation 50 to estimate the amount of N fixed by N-fixing crops, 

and if any of the residues of these crops are burned in the field, they should use the same values for 

Clegumes_kg, xres_above_legumes_i , and xabove_dry_i that are used in estimating emissions from agricultural 

residue burning. The values used for Nlegumes_coefficient_kg_dry_i, should also be consistent with N/C ratios 

used in estimating emissions from agricultural residue burning. Good practice default values for 

xres_above_legumes_i, xabove_dry_i, and Nlegumes_coefficient_kg_dry_i, for some crop types, are presented in Table 15.  
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ANNEX 3 DEFAULT VALUES SEEDS 

In 2010/2011 19 countries reported data on seed input. Most of these countries reported data on 

cereals, dried pulses, root crops and industrial crops, only a very few countries reported data on other 

crops such as vegetables, fruits and fodder crops. Table 16 and Table 17 show some results based on 

the collected data form the 19 countries for available data between 2000 and 2010. Cereals and 

potatoes accounted for more than 90% of total seed input in 15 of the 19 countries, and at minimum 

65% of total seed input. Figure 1 shows boxplots for the average share of N seed input in N crop 

production for the countries which had data available. Figure 2 shows boxplots for the average rates 

of N seed input per ha. The average rate of N seed input per ha was estimated from reported data on 

total N seed input and data on annual areas of production41 from crop production statistics. Figure 3 

and Figure 4 show the same for P. The rates per ha do not vary much for most cereal crops. The 

difference between the first and the third quartile is around 1 kg N per ha or less than ¼ kg P per ha. 

For potatoes the difference is larger for Nitrogen between the first and third quartile (3.5 kg N per ha)  

Table 16. Analysis data on N seed input 19 countries (2000-2010)  

Crop Obs % in N seed input % in N crop 

production 

Kg N per ha 

harvested area 

avg min max avg median avg median 

Cereals 19 79% 37% 95%     

Wheat 19 39% 21% 56% 4.3% 4.6% 4.0 4.0 

Barley 19 25% 3% 44% 4.7% 4.4% 3.0 3.2 

Rye 18 3% 0% 11% 5.5% 5.0% 2.7 2.9 

Oats 17 7% 0% 29% 5.6% 5.5% 3.0 2.9 

Grain maize 12 5% 0% 17% 3.2% 0.6% 4.4 0.9 

Triticale 11 4% 1% 13% 4.8% 3.8% 3.2 3.5 

Dried pulses 11 3% 0% 8% 7.6% 7.8% 6.2 6.0 

Root crops 19 14% 2% 42%     

Potatoes 18 14% 2% 42% 10.5% 9.4% 8.6 8.2 

Industrial crops 17 2% 0% 5%     

Oilseed crops 17 1% 0% 5% 0.5% 0.5% 0.4 0.4 

 

 

 

 

 

 

 

                                                      

41 As an approximation of the sown area. 
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 Average share of N seed input in N crop production 2000 - 2010 by crop type Figure 1.

 

 Average rate of N seed input per ha between 2000 and 2010 by crop type Figure 2.
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Table 17. Analysis data on P seed input 19 countries (2000-2010)  

Crop Obs % in P seed input % in P crop 

production 

Kg P per ha 

harvested area 

avg min max avg median avg median 

Cereals 18 82% 54% 96%     

Wheat 18 38% 19% 56% 4.2% 4.1% 0.7 0.7 

Barley 18 27% 7% 50% 4.4% 4.3% 0.6 0.6 

Rye 17 3% 0% 12% 5.0% 4.6% 0.6 0.6 

Oats 16 8% 1% 30% 5.2% 5.5% 0.6 0.6 

Grain maize 11 5% 1% 18% 3.3% 0.9% 1.1 0.3 

Triticale 9 4% 1% 13% 4.8% 4.9% 0.6 0.7 

Dried pulses 10 2% 0% 6% 7.9% 9.5% 0.8 0.9 

Root crops 17 11% 3% 35%     

Potatoes 16 11% 3% 35% 9.9% 8.3% 1.4 1.3 

Industrial crops 14 1% 0% 3%     

Oilseed crops 15 1% 0% 3% 0.5% 0.4% 0.7 0.7 

 

 Average share of P seed input in P crop production 2000 - 2010 by crop type Figure 3.
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 Average rate of P seed input per ha between 2000 and 2010 by crop type Figure 4.
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ANNEX 4 ESTIMATION OF FODDER PRODUCTION IN EW-MFA 

Supply-side approach: 

Fodder crops:  

If data for item A.1.2.2.1 fodder crops (incl. biomass harvested from grassland) are missing in crop 

statistics one should try to refer to internal estimates of Economic Accounts for Agriculture (EAA) 

where fodder crops (including harvest from grassland) have to be completely covered in monetary 

terms. The underlying physical data or models of EAA calculations could also be used for closing 

those gaps. As far as grass type fodder crops are concerned it has to be noted that data have to be 

reported in dry weight (15 % m.c.). If data from the original sources (like national agricultural 

statistics, data from Eurostat’s reference database, or from other sources) are reported in wet weight 

they have to be converted accordingly. 

Grazed biomass:  

A significant amount of fodder is directly taken up by animals from pastures (grazed biomass). 

Grazed biomass is regarded as domestic extraction according to EW-MFA conventions. However, in 

Eurostat’s crop production database data on uptake of biomass from pastures is reported only for a 

few countries. In some cases, information on grazing is available from national feed balances or from 

agricultural experts. These data can be used for EW-MFA. If necessary, quantities given in other units 

(e.g. dry weight or specific feed units) have to be converted into air dry weight (15% m.c.) with 

support of expert knowledge. For countries with no or with incomplete direct data on extraction of 

grazed biomass supply-side estimate via grazed area and information on area yield can possibly be 

applied. Often, statistical offices and Eurostat’s reference database provide data on the extent of 

grazing land (often differentiated by quality or intensity) in their agricultural or land use statistics. 

Based on information on extent of pastures (Agrass) and typical area yields (Ygrass_gross_kg), biomass 

taken up by grazing, grazing potential (Cgrass_gross), can be calculated, see Equation 51 . Country or 

region specific area yields of pastures and rangelands can be estimated based on different sources. 

Eurostat’s reference database reports for some countries the actual uptake of grass per hectare. For 

countries with no direct data it could be considered to estimate the uptake of grazed biomass by 

utilizing information on area yields (kg per hectare) from other countries or a mix of other countries 

with similar natural conditions. 

 

Equation 51.             (                  )   

        (        )                
 (                    ) 

 

Those calculation results should be cross-checked as far as possible with expert knowledge and 

literature data. Table 18 provides information on typical grazing yields potential (in tonnes at 15% 

m.c. per ha) for different quality types of pastures in Central Europe (based on data for Austria). 

Table 18. Typical area yield of permanent pastures 

 

Source: The values are derived from data for Austrian grassland systems given in Buchgraber et al, 1994 and 

can be assumed typical for Central Europe. 
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Demand-side approach: 

The demand for roughage biomass (Croughage_demand) can be estimated by summing up the demands of 

ruminants and other grazing animals. The demand for roughage of livestock type i is estimated by 

multiplying the roughage requirements of livestock type (RRi) with the number of livestock 

(AAPgraz_i), see Equation 52. Daily biomass intake by grazing depends on the live weight of the 

animal, animal productivity (e.g., weight gain, milk yield), and the feeding system (e.g., share of 

concentrate), and may vary considerably within one species. This method is based on European 

average values and allows a rough estimation of biomass uptake by grazing. 

 

Equation 52.                 (                  )   

 ∑ {         (     )       (                                   )}  

 

European average factors for roughage uptake by livestock species are provided in Table 19. The 

values are given in air dry weight (i.e. 15% m.c.) and take into consideration that the share of market 

feed in feed ratios ranges between 5 and 20% (d.m. basis, average across all species). 

Table 19. Typical roughage intake by grazing animals in Europe 

 

Roughage uptake may be covered from grass type fodder crops, hay or silage, or from grazing. To 

estimate biomass uptake by grazing (Cgrass_grazed), total roughage uptake has to be reduced by the 

amount of available fodder crops (Croughage_foddercrops) and biomass harvest from grassland (Cgrass_harvested), 

see Equation 53. 

 

Equation 53.              (                  )   

                 (                  ) –                  (                  )  

                      (                            ) 

 

If results from the supply-side approach for grazed biomass are available they should be used for 

crosschecking the outcome of the demand-side approach. If the results do not match, the underlying 

assumptions should be reviewed, which may after expert consultation lead to an adaptation of the 

estimates. Reasons for differences may be an exceptionally high share of market feed and feed 

concentrate in feed ratios, overgrazing of pasture resources or significant grazing on areas other than 

those reported as pasture in land use statistics (woodlands, waste lands etc.).  
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ANNEX 5 CROP RESIDUES IN INTERNATIONAL GUIDELINES  

IPCC Guidelines include estimation of N2O emissions from decomposition of crop residues left or 

returned to the soil and from burning of crop residues on agricultural soils. To estimate these 

emissions activity data  on amount of crop residues incorporated in the soil, removed and burned, as 

well as N contents of crop residues are needed. Revised IPCC 1996 Guidelines (Tier1a) (Volume 3, 

Chapter 4.4.3) estimate incorporation of crop residues by determining total amount of crop residue N 

produced and adjusting it for the fraction that is burned in the field when residues are burned during 

or after harvest. It does not include removal of crop residues for other purposes. However IPCC Good 

Practice Guidance (Tier1b) (Chapter 4.7.1.1) proposes to adjust the calculation by accounting removal 

of crop residues for fuel, construction material and fodder. This requires however country-specific 

data, if country-specific data are not available no removal is assumed.  IPCC 2006 Guidelines 

(Volume 4 Chapter 11.2.1.3) describe the estimation of the amount of N in crop residues (above-

ground and below-ground), incl. N-fixing crops, returned to soils annually. It is estimated from crop 

yield statistics and default factors for above-/belowground residue: yield ratios and residue N 

contents. In addition the method accounts for the effect of residue burning or other removal of 

residues. Again country-specific data on the fraction of crop residues removed is needed else no 

removal is assumed. If country-specific data are available it is possible to estimate total N in crop 

residues which consist of the part of N in residues which is left on the field (Nres_left_kg) and the part of 

N in residues which is harvested from the field (Nres_harvest_kg)
42.  

EMEP/EEA 2009 Guidebook includes the estimation of NOx and NH3 emissions from burning of crop 

residues on agricultural soils. Activity data required are the amount of crop residues burned. 

The EW-MFA Guidelines (2012) provide some guidelines on the estimation of the amount of crop 

residues removed from the field. The amount of above ground crop residues for a crop is estimated by 

multiplying data on the main production of the crop with a residue factor (ratio between total above 

ground residue and main crop product). The fraction of crop residues removed from the field is 

subsequently estimated by multiplying the total crop residues with the recovery rate. The main crops 

which provide crop residues are listed in Table 23.  

Revised IPCC 1996 Guidelines 

Tier 1a 

 

Equation 54.                
 (     )              

  (     )   ( (            (               

 ))   (                
) 

 

Equation 55.            
  (     )       (        

 (  )                          
 (             )   

            
 (   )                             

 (             )) 

 

In the Revised 1996 IPCC Guidelines (Volume 3 Chapter 4.5.2) (Tier 1a), the amount of nitrogen 

incorporated in the soil with crop residues (Nres_left_above_kg) is estimated by determining the amount of 

nitrogen in total above ground biomass (Nabove_kg) and then adjusting for the amount of total 

                                                      

42 Nres_left_above_kg = FCR and Nres_harvest_kg = FCR-REMOVED in IPCC Guidelines. 

http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Economy-wide%20material%20flow%20accounts%20compilation%20guide%20%20-.pdf
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aboveground crop biomass that is removed from the field as product (xharvest)
43 and above ground 

residues burned (xres_above_burn) (Equation 54)44. The amount of nitrogen in total above ground biomass 

(Nabove_kg) is estimated by multiplying annual crop production of N-fixing crops (Clegumes_kg_i ) and 

other crops (Ccrop_kg_i)
45 by their respective N contents (Ncrop_coefficient_kg_dry_i) and Nlegumes_coefficient_kg_dry_i), 

summing these two nitrogen values, and multiplying by a default value of 2 (to convert edible crop 

production to total aboveground crop biomass) (Equation 55) 46.  

IPCC default value for xres_above_burn_i is 0.10 kg N / kg crop – N, for xharvest_i 0.45 kg N / kg crop – N, 

Nlegumes_coefficient_kg_dry_i 0.03 kg N /kg d.m. and Ncrop_coefficient_kg_dry_i 0.015 kg N /kg d.m. The default 

values and Tier 1a result in out of total crop-N being produced during the season, a default of 45% in 

the harvested part, <=10% loss by agricultural waste burning, leaving 50-55% of N originally present 

in plat tissue. 

Crop residues only apply to dead biomass, rest of biomass of annual crops which is left to decay with 

nitrogen mineralizing into ammonia and nitrate susceptible to take-up by next year's crop. The 

situation is different with living biomass in perennial crops or grassland, that biomass will remain 

biomass and is not considered residue (also as N in plant material will not be released). 

Different practice in individual countries may affect the real factor quite a bit. If straw is not used in a 

specific country and left on fields, and if it is burnt in another country; or if grazing is the dominant 

form of land use - all of that does make a difference. 

Tier 1b 

The IPCC Good Practice Guidance (Chapter 4.7.1) presents several ways to modify Tier 1a to 

estimate more accurately the amount of crop residue nitrogen that is incorporated into soils: 

 Equation 55 uses a default value of 2 to convert Ccrop_kg_i and Clegumes_kg_i to total aboveground 

crop residue and product (Nabove_kg). As previously mentioned with Nfix_legumes_kg (see Annex 2), 

this factor is too low for some pulses and soybeans, and may result in underestimating the total 

aboveground crop residue and product. In addition, this factor of 2 is inconsistent with the 

default value for xharvest presented in the IPCC Guidelines47. Equation 57 estimates the total 

nitrogen content in aboveground residue biomass Nres_above_crop_kg_i for crop type i by determining 

the total aboveground residue biomass from crop production with the residue to crop product 

mass ratio (xres_above_crop_i), the dry matter content of the aboveground biomass (xabove_dry_i) and 

the nitrogen content of aboveground dry matter biomass (Ncrop_coefficient_kg_dry_i). In a similar way 

the total nitrogen content in aboveground residue biomass (Nres_above_legumes_kg_j) for leguminous 

crop type j is determined (Equation 58). The residue to crop product mass ratio xres_above_crop_i 

can be estimated with Equation 49 and xres_above_legumes_j with Equation 61. 

 Clegumes_kg should be defined so that it is representative of the products of all N-fixing crops, not 

just seed yield of pulses and soybeans. 

                                                      

43 IPCC Good Practice Guidance: The IPCC Guidelines define FracR as the ‘fraction of crop residue that is 

removed from the field as crop.’ However, this variable, as it is currently used, is instead the ‘fraction of total 

aboveground crop biomass that is removed from the field as crop.’  

44 xres_above_burn = FracBURN and xharvest = FracR in IPCC Guidelines. 

45 These data are available from Crop Statistics (regulation (EC) No 543/2009) 

46 Ccrop_kg_i = CropO and Clegumes_kg_i = CropBF, Ncrop_coefficient_kg_dry_i = FracNCR0 and Nlegumes_coefficient_kg_dry_i = 

FracNCRBF in IPCC Guidelines. 

47 IPCC Good Practice Guidance: The IPCC Guidelines present a default value for FracR of 0.45 that is not 

consistent with the default value presented for aboveground crop residue and product. If FracR = 0.45, then 55% 

of the residue plus crop product mass equals residue. However, if residue plus crop product mass equals 2 times 

the crop product, then 50% of the residue plus crop product mass equals residue. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:167:0001:0011:EN:PDF
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 Dry matter fractions (xabove_dry_i and xabove_dry_j) need to be incorporated into the equation so that 

adjustments are made for moisture contents. 

 The equation should be modified to account for additional uses of above ground crop residues 

(xres_above_harvest_i and xres_above_harvest_j): the fraction of residue used as fuel (xres_above_fuel_i and 

xres_above_fuel_j), the fraction of residue used for construction (xres_above_construct_i and 

xres_above_construct_j) and the fraction of residue used as fodder (xres_above_fodder_i and xres_above_fodder_j) 

(Equation 59 and Equation 60).  

 These modifications are shown in Equation 56 (Tier 1b)48: 

 

Equation 56.                
 (    )  

 ∑ {                
  (    )  (                 

 –                  
) }    

∑ {                   
  (    )   (                

                   
 ) }  

 

Equation 57.                 
 (    )    ∑ {        

 (  )                  
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Equation 58.                   
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 (  )                     
             

   

                          
 (              ) }  

 

Equation 59.                  
               

                        
                   

 

 

Equation 60.                  
               

                        
                   

 

 

Equation 61.               
               

 (   )            
 (  )  

 

Good practice default values for xres_above_crop_i, xabove_dry_i, and Ncrop_coefficient_kg_dry_i, for some crop types, 

are presented in Table 20. Inventory agencies may use these values if country-specific data are not 

available. If default residue nitrogen content is needed for a crop type for which a value is not 

provided in Table 20, the non-crop specific default values for N-fixing and Non-N-fixing crops can be 

used (0.03 and 0.015 kg N / kg dry matter, respectively). 

  

                                                      

48 Cres_above_kg_i = ResOi, xres_above_fuel_i = FracFUEL-Cri, xres_above_construct_i =FracCNST-Cri and xres_above_fodder_i = FracFODi in 

IPCC Guidelines 
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Table 20. Default values Table 4-16 IPCC Good Practice Guidance   

 

IPCC 2006 Guidelines 

Tier 1 

In the 2006 IPCC Guidelines (Volume 4, Chapter 11.2.1.3) Tier 1 approach the term Nres_left_kg refers 

to the amount of N in crop residues above-ground (Nres_above_left_kg ) and below-ground (Nres_below_left_kg) 

(Equation 62), including N-fixing crops, returned to soils annually49. It also includes the N from N-

fixing and non-N-fixing forages mineralised during forage or pasture renewal50.  

 

Equation 62.           
 (     )                    

  (     )                  
  (     ) 

                                                      

49 The equation to estimate FCR has been modified from the previous 1996 IPCC Guidelines to account for the 

contribution of the below-ground nitrogen to the total input of nitrogen from crop residues, which previously 

was ignored in the estimate of FCR. As a result, FCR now represents a more accurate estimate of the amount of 

nitrogen input from crop residue, which makes it possible to assess the contribution to residue nitrogen arising 

from the growth of forage legumes such as alfalfa, where the harvesting of virtually all the above-ground dry 

matter results in no significant residue except the root system 

50 The inclusion of nitrogen from forage or pasture renewal is a change from previous 1996 IPCC Guidelines. 
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Equation 63.                 
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To estimate the amount of N in crop residues above-ground incorporated in the soil (Nres_above_left_kg) 

(Equation 63)51, data are needed on: 

(i) Crop yield and area statistics  

Ycrop_kg_dry_i is the harvested annual dry matter yield for crop i and Acrop_ha_i   is the total annual 

area harvested of crop i. Data on crop yield statistics (yields and area harvested, by crop) are 

available from Crop Statistics. Since yield statistics for many crops are reported as field-dry or 

fresh weight (Ycrop_kg_i), a correction factor (xdry_i, the dry matter fraction of harvested crop i) 

can be applied to estimate dry matter yields (Ycrop_kg_dry_i) where appropriate (Equation 64). The 

proper correction to be used is dependent on the standards used in yield reporting, which may 

vary between countries. Alternatively default values for d.m. content in Table 21 may be used. 

(ii) Area of residue burnt  

Aburnt_ha_i is the annual area of crop i burnt. Cf is the combustion factor, the proportion of pre-

fire fuel biomass consumed, for which default values can be found in IPCC 2006 Guidelines 

Volume 4 Chapter 2 Table 2.6, see Table 22. 

(iii) Forage and pasture renewal  

xrenew_i is the fraction of total area under crop i  that is renewed annually52. For countries where 

pastures are renewed on average every X years, xrenew_i = 1/X. For annual crops xrenew_i = 1.  

(iv) above-ground residue/yield ratios  

xres_above_i is the ratio of above-ground residues d.m. yield (Yres_above_tonnes_dry_i) to harvested d.m. 

yield for crop i (Ycrop_kg_dry_i). xres_above_i can be estimated from Equation 6553. If data are not 

available on the ratio of above-ground residues d.m. yield the regression equation in Table 21 

(Equation 66) may be used to calculate the total above-ground residue dry matter 

(Yres_above_tonnes_dry_i).   

(v) N contents of above-ground and belowground residues 

Nres_above_coefficient_kg_dry_i is the N content (dry matter) of above-ground residues for crop i.  . 

Default values can be found in Table 21.  

(vi) removal of residues 

xres_above_harvest_i  is the fraction of above-ground residues of crop i removed annually for purposes 

such as feed, bedding and construction. Survey of experts in country is required to obtain data. 

If data for xres_above_harvest_i are not available, no removal is assumed. 

To estimate the amount of N in crop residues below-ground (Nres_below_left_kg) is estimated in a similar 

way to above-ground residues see Equation 6754. If data are not available on the belowground 

residue/yield ratios (xres_below_i) these may be calculated by multiplying the ratio of belowground 

residues to above-ground biomass (xres_above_below_i in Table 21) by the ratio of total above-ground 

biomass to crop yield, see Equation 6855. Yres_above_tonnes_dry_i can be calculated from the information in 

                                                      

51 Ycrop_kg_dry_i = Crop(T), Acrop_ha_i = Area(T) , Aburnt_ha_i = Area burnt (T) , xrenew _i = FracRenew_i  , xres_above_i = RAGi , 
Nres_above_coefficient_kg_dry_i = NAGi, xres_above_harvest_i  =FracRemove_i in IPCC Guidelines. 

52 This term is included in the equation to account for N release and the subsequent increases in N2O emissions 

(e.g., van der Weerden et al., 1999; Davies et al., 2001) from renewal/cultivation of grazed grass or grass/clover 

pasture and other forage crops.  
53 Yres_above_tonnes_dry_i = AGDMi in IPCC Guidelines. 

54 xres_below_i  = RBGi , Nres_below_coefficient_kg_dry_i = NBGi, in IPCC Guidelines. 

55 xres_below_above_i  = RBG-BIO in IPCC Guidelines. 
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Table 21. If data are not available on N contents of belowground residues (Nres_below_coefficient_kg_dry_i) 

default values can be found in Table 21.  

Using the default procedure in Table 21 Nres_left_kg can also be estimated with Equation 69. 

Tier 2 

An improvement on this approach for determining Nres_left_kg (i.e., Tier 2) would be the use of country-

specific data rather than the values provided in Table 21, as well as country-specific values for the 

fraction of above-ground residue burned. 

Table 21. Table 11.2 IPCC 2006 Guidelines  
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Table 22. Combustion factors (IPCC 2006 Guidelines Table 2.6) 

 Combustion factor  

Wheat residues 0.90 

Maize residues 0.80 

Rice residues 0.80 

EMEP/EEA Guidebook 2009 

Tier 1 (Volume 4.F Chapter 3.2.3) 

Activity data should include estimates of land areas for each crop type, which are then used to 

estimate residues that are commonly burned, the fraction of residue burned and d.m. content of 

residue. The mass of crop residue burned (Cres_burnt_kg) can be calculated from Equation 7056. 

 

Equation 70.            
 (   )    ∑  {          

 (   )             
  (                    )    

               
         (                        )                  

    }  

 

The most important data here are the actual amount of crops produced (by type) with residues that are 

commonly burned. Annual crop production statistics are equivalent to the terms Aburnt_ha_i (area of land 

on which crops are grown whose residues are burned) * Ycrop_kg_i  (average yield of crop i ) in 

Equation 70. Crop-specific data for each country, on ratios of residue to crop, fraction of residue 

burned and dry matter content of the residue, can be incorporated at any time to replace the default 

values. A potentially valuable data source is the study by Hall et al. (1996). 

 

It is assumed that country statistics giving the area of cropped land will always be available. In the 

absence of better data, the following values should be used. Default values of xres_above_crop_i  can be 

obtained from Table 20. For consistency with IPCC 2006 Guidelines and assuming xdry_i = 0.85 

(Anon, 1997), for wheat: Ycrop_kg_i  = 3.6, Cf = 0.9; for maize: Ycrop_kg_i  = 11.8, Cf = 0.8; rice: Ycrop_kg_i  = 

4.6, Cf = 0.8. If xres_above_burn_i is not known, the value of 1 should be used. For crops other than wheat, 

maize and rice, the values for wheat should be used. 

Economy Wide Material Flow Accounts.  

The Guidelines (2012) for the Economy Wide Material Flow Accounts (EW-MFA) provide some 

guidelines on the estimation of the amount of crop residues removed from the field. The amount of 

crop residues for a crop is estimated by multiplying data on the main production of the crop with a 

harvest factor (ratio between main crop and residue). The fraction of crop residues removed from the 

field is subsequently estimated by multiplying the total crop residues with the recovery rate. The main 

crops which provide crop residues are listed in Table 23. Data on the main production of these crops 

are available from Eurostat Crop Statistics. 

Step 1: Identification of crops which provide residues for further socio-economic use.  

In most cases this will include all types of cereals, sugar crops, and oil bearing crops. Only in 

exceptional cases other crops need to be considered. 

                                                      

56 Cres_burnt_kg = ARresidue_burnt , Aburnt_ha_i = A, Ycrop_kg_i =  Y, xres_above_crop_i  = s , xdry_i = d xres_above_burn_i = pb  in 

EMEP/EEA Guidebook. 

http://epp.eurostat.ec.europa.eu/portal/page/portal/environmental_accounts/documents/Economy-wide%20material%20flow%20accounts%20compilation%20guide%20%20-.pdf
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Step 2: Estimation of total above-ground crop residues via a residue factor  

The procedure to estimate the total above-ground crop residues is based on assumptions on the 

relation between above-ground crop residues and primary harvest of specific crops (Equation 71).. 

Crops are partitioned in primary harvest and above-ground crop residues. The residue factor 

(xres_above_crop_i ) is estimated as the total above-ground crop residues divided by total primary crop 

harvest. This relation is typical for each cultivar, however, subject to breeding efforts and therefore 

variable over time. The residue factor (xres_above_crop_dry_i) for crop i, allows the extrapolation of total 

above ground residue of crop i (Cres_above_dry_i) from primary crop harvest of crop i (Ccrop_dry_i). 

 

Equation 71.              
  (           )             

(           )                    
  

 

The EW-MFA Guidelines recommend in absence of national information to use the residue factors 

which were assumed by Wirsenius (2000) for West and East Europe. In the study of Wirsenius rough 

estimates of residue factors in different regions were based on different data sources and own 

estimations, they are provided in Table 23. The EW-MFA Guidelines recommend using the default 

value of barley for other cereal crops. 

Table 23. Assumed values for residue factors and recovery rates for the most common crop 

residues used in West Europe and East Europe (Wirsenius, 2000) 

 Western Europe Eastern Europe 

 Residue factor  Recovery rate  Residue factor  Recovery rate  

Wheat 1.0 0.7 1.5 0.75 

Barley 1.2 0.7 1.5 0.75 

Sorghum 1.2 0.7 1.9 0.75 

Maize 1.2 0.9 1.9 0.9 

Rice 1.2 0.7 1.2 0.75 

Rape seed 1.9 0.7 1.9 0.7 

Soy bean 1.2 0.7 1.5 0.75 

Sugar beet 0.7 0.9 0.7 0.9 

Step 3:  

Estimation of fraction of used residues. In most cases, only a certain fraction of the total above ground 

residue of crop i will be harvested and further used or grazed, this fraction is represented by the 

recovery rate. The actual used fraction of above ground residues of crop i (Cres_above_harvest_dry_i) can be 

estimated based on expert knowledge or specific studies, but it should be noted that it may vary 

considerably between regions, countries, and over time (Equation 72). In cases in which no 

information on the country specific share of used residues is available, recovery rates 

(xres_above_harvest_dry_i) provided in Table 23 can be applied to the available crop residue of crop i to 

determine the actual used fraction of above ground residues of crop i for European countries. 

Wirsenius made rough estimations of recovery rates in different regions based on different data 

sources, own estimations and assumptions. The EW-MFA Guidelines recommend using the default 

value of barley for other cereal crops. 
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Equation 72.                      
 (           )                 

 (           )                       
 

 

Equation 73.                     
                        

 (           )                 
 (           ) 

 

Estimation of nutrients in crop residues burned coherent with IPCC Guidelines 

From IPCC Guidelines on estimation of crop residues left on the field, estimation of crop residues 

harvested and burned can be derived. When countries have data available on the fraction of residue 

burned in the field before and after harvest (xres_above_burn_i and xres_above_burn_j), Nitrogen content of crop 

residues burned can be estimated with IPCC 1996 Tier 1b see Equation 74. 

 

Equation 74.                
 (    )     ∑ {        

 (  )                 
             

   

                       
 (                )                

}     ∑ {           
 (  )    

                  
             

                            
 (              )                  

 }  

 

Equation 75.              
 (        )                   

 (    )           

 

The following data are needed: 

(i) Crop production (Ccrop_kg_i).  

These data are available from crop production statistics. 

(ii) Residue to crop product mass ratio (xres_above_legumes_j  and xres_above_crop_i) 

These ratios estimate the total above ground residue from data on crop production, see Equation 

49 and Equation 61. Default values can be found in Table 21.  

(iii) Dry matter content of the aboveground biomass (xabove_dry_i and xabove_dry_j).  

The derived amount of aboveground crop residues is multiplied with d.m. content of 

aboveground biomass to estimate d.m. content of aboveground crop residues. Note that 

assumed is that d.m. content of above-ground crop residues is equal d.m. content of above-

ground biomass. If countries have specific coefficients available on above-ground residue d.m. 

contents these can be used. Default values can be found in Table 21. 

(iv) Nitrogen content of aboveground biomass (Ncrop_coefficient_kg_dry_i and Nlegumes_coefficient_kg_dry_j). 

(v) N content of the derived amount of aboveground crop residues d.m. is estimated with N 

coefficients of aboveground biomass. If countries have specific coefficients available on above-

ground residue N contents these can be used to improve the estimation. Default values can be 

found in Table 21. 

When countries have data available on the area of residues burned in the field before and after harvest 

(Aburnt_ha_i) the N content of crop residues burned (Nres_above_burn_kg) can also be estimated with IPCC 

2006 Tier 1 see Equation 76. 

 

 



 -  Page 101 / 112 
Document Version 1.02 dated 04/03/2013 
 

Equation 76.                
  (    )   

 ∑ {         
 (   )      )   (                   

 (                )           

                          
 (               )}  

  

The following data are needed: 

(i) Area of crop residues burnt 

Aburnt_ha_i is the annual area of crop type i burnt.  Cf is the combustion factor, the proportion of 

pre-fire fuel biomass consumed, for which default values can be found in Table 22. 

(ii) Crop yield statistics   

Equation 66 can be used to calculate total above-ground residue d.m. (Yres_above_tonnes_dry_i) from 

crop yield statistics. Data on crop yields are available from crop statistics and can be converted 

to d.m. yields with a correction factor see Equation 64 (xdry_i for which default values can be 

found in Table 21. Multiplying the above-ground residue d.m. yield with area burnt and 

combustion factor results in the amount of above-ground residue d.m. burnt. 

(iii) N contents of above-ground residues 

The nitrogen content of the derived amount of aboveground crop residues dry matter burnt is 

estimated by multiplying the amount in dry matter with a nitrogen coefficient 

Nres_above_coefficient_kg_dry_i which represents the N content of above-ground residues (dry matter) 

for crop type i. Default values can be found in Table 21.  

Estimation of nutrients in crop residues harvested coherent with IPCC Guidelines 

When countries have data available on the fraction of above ground residues harvested (xres_above_harvest) 

(used as fuel, for construction, or as fodder, see Equation 73 and Equation 60) the Nitrogen content of 

aboveground crop residues harvested (Nres_above_harvest_kg) can be estimated with IPCC 1996 Tier 1b see 

Equation 77.  

 

Equation 77.                   
 (    )    ∑ {        

 (  )                 
             

   

                       
 (                )                     
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 (  )    
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}   

 

Equation 78.                 
 (        )                       

 (    )          

  

The following data are needed: 

(i) Crop production (Ccrop_kg_i) 

These data are available from crop production statistics. 

(ii) Residue to crop product mass ratio (xres_above_legumes_j and xres_above_crop_i) 
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These ratios estimate the total above ground residue from data on crop production, see Equation 

49 and Equation 61. Default values can be found in Table 21.  

(iii) Dry matter content of the aboveground biomass (xabove_dry_i and xabove_dry_j). 

The derived data on aboveground crop residues are multiplied with the dry matter content of 

the aboveground biomass to estimate the dry matter content of aboveground crop residues. Note 

that assumed is that the dry matter content of  above-ground crop residues is assumed to equal 

the dry matter content of above-ground biomass. If countries have specific coefficients 

available on above-ground residue dry matter contents these can be used to improve the 

estimation. Default values can be found in Table 21. 

(iv) Nitrogen content of the aboveground biomass (Ncrop_coefficient_kg_dry_i and Nlegumes_coefficient_kg_dry_j) 

The nitrogen content of the derived amount of aboveground crop residues dry matter is 

estimated with nitrogen coefficients of aboveground biomass. If countries have specific 

coefficients available on above-ground residue nitrogen contents these can be used to improve 

the estimation. Default values can be found in Table 21 

If countries do not have data available on the fraction of above ground crop residues harvested the 

assumed values (recovery rates) used in  the EW-MFA Guidelines see Table 23 can be used.  

Alternatively the Nitrogen content of aboveground crop residues harvested (Nres_above_harvest_kg) can be 

estimated with IPCC 2006 Tier 1 see Equation 79.  

 

Equation 79.                   
 (    )   ∑  {(        

 (   ) –          
 (   )      )    

                   
 (                )                                     

 (               )  

                  
 (                ) } 

 

The following data are needed: 

(i) Harvested Area 

Acrop_ha_i   is the total annual area harvested of crop type i. If data are available on annual area of 

crop type i burnt (Aburnt_ha_i) and the combustion factor (Cf, see Table 22 for default values), the 

harvested area can be corrected for areas on which crop residues are burned. If data are not 

available no burning is assumed. 

(ii) Crop yield statistics   

Equation 66 can be used to calculate total above-ground residue dry matter yield 

(Yres_above_tonnes_dry_i) from crop yield statistics. Data on crop yields are available from crop 

statistics and can be converted to dry matter yields with a correction factor see Equation 64 

(xdry_i) for which default values can be found in Table 21. Multiplying the above-ground residue 

dry matter yield with the crop area corrected for the area burnt and the combustion factor 

results in the amount of above-ground residue dry matter available. 

(iii) N contents of above-ground residues 

The nitrogen content of the derived amount of aboveground crop residues dry matter is 

estimated by multiplying the amount in dry matter with a nitrogen coefficient 

Nres_above_coefficient_kg_dry_i which represents the N content of above-ground residues (dry matter) 

for crop type i. Default values can be found in Table 21.  
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If countries do not have data available on the fraction of above ground crop residues harvested the 

assumed values (recovery rates) used in  the EW-MFA Guidelines see Table 23 can be used.  
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ANNEX 6 LIST OF EMISSIONS IN PRACTICAL IMPLEMENTATION 

Table 24. Proposed worksheet for including N atmospheric emissions in GNB 

Nitrogenous Emissions Tonnes of N 

EU Code Description 1985 … 2011 

TNEM Total N Emissions    

TNEM_M  Total N Emissions during Manure management    

NH3_4B1a    NH3 Cattle dairy    

NH3_4B1b    NH3 Cattle non-dairy    

NH3_4B2    NH3 Buffalo    

NH3_4B3    NH3 Sheep    

NH3_4B4    NH3 Goats    

NH3_4B6    NH3 Horses    

NH3_4B7    NH3 Mules and asses    

NH3_4B8    NH3 Swine    

NH3_4B9a    NH3 Laying hens    

NH3_4B9b    NH3 Broilers    

NH3_4B9c    NH3 Turkeys    

NH3_4B9d    NH3 Other poultry    

NH3_4B13    NH3 Other    

NO2_4B1a    NO2 Cattle dairy    

NO2_4B1b    NO2 Cattle non-dairy    

NO2_4B2    NO2 Buffalo    

NO2_4B3    NO2 Sheep    

NO2_4B4    NO2 Goats    

NO2_4B6    NO2 Horses    

NO2_4B7    NO2 Mules and asses    

NO2_4B8    NO2 Swine    

NO2_4B9a    NO2 Laying hens    

NO2_4B9b    NO2 Broilers    

NO2_4B9c    NO2 Turkeys    

NO2_4B9d    NO2 Other poultry    

NO2_4B13    NO2 Other    

N2O_4s2B11   Direct N2O Manure management: Anaerobic 

Lagoons 
   

N2O_4s2B12   Direct N2O Manure management: Liquid 

systems 
   

N2O_4s2B13   Direct N2O Manure management: Solid 

storage and Dry Lot 
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N2O_4s2B14   Direct N2O Manure management: Other 

AWMS 
   

        

TNEM_S  Total N Emissions from Soils    

NH3_4D1a    NH3 Synthetic N-fertilizers    

NH3_4D2a    
NH3 Farm-level agricultural operations 

including storage,  handling and  transport of 

agricultural products 

   

NH3_4D2b    NH3 Off-farm storage, handling and transport 

of bulk agricultural products 
   

NH3_4D2c   NH3 N-excretion on pasture range and 

paddock unspecified 
   

NH3_4F    NH3 Field burning of agricultural wastes    

NH3_4G    NH3 Agriculture other    

NO2_4D1a    NO2 Synthetic N-fertilizers    

NO2_4D2a    
NO2 Farm-level agricultural operations 

including storage,  handling and  transport of 

agricultural products 

   

NO2_4D2b    NO2 Off-farm storage, handling and transport 

of bulk agricultural products 
   

NO2_4D2c    NO2 N-excretion on pasture range and 

paddock unspecified  
   

NO2_4F    NO2 Field burning of agricultural wastes    

NO2_4G    NO2 Agriculture other    

N2O_4D1_1   Direct Soil Emissions - Synthetic Fertilizers    

N2O_4D1_2   Direct Soil Emissions - Animal Manure 

Applied to Soils 
   

N2O_4D1_3   Direct Soil Emissions - N-fixing Crops    

N2O_4D1_4   Direct Soil Emissions - Crop Residue    

N2O_4D1_5   Direct Soil Emissions - Cultivation of 

Histosols  
   

N2O_4D1_6   Direct Soil Emissions - Other direct emissions    

N2O_4D2   Pasture range and paddock  - N excretion on  

pasture range and paddock 
   

N2O_4F   Field burning of agricultural residues    

* Data on NH3 and NOx emissions can be downloaded from national inventories (NFR reports) to 

CLTRAP (http://www.ceip.at/status-of-reporting/) 

* Data on N2O can be downloaded from national inventories (CFR reports) to UNFCCC 

(http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/item

s/5888.php ) 

 

  

http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
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ANNEX 7 LIST OF EXPRESSIONS USED IN EQUATIONS 

Expression Definition Unit 

Areas 

Aburnt_ha_i Area of crop type i which is burnt ha 

Acrop_i Area of crop type i (Crop Statistics) 1 000 ha 

Acrop_ha_i Area harvested of crop type i ha 

Agrass Area of grassland (Crop Statistics) 1 000 ha 

Alegumes_i  Area of leguminous crop type i (Crop 

Statistics) 

1 000 ha 

Atotal Total land area (L0008 in Crop Statistics) 1 000 ha 

AUAA Utilized Agricultural Area (Crop Statistics) 1 000 ha 

Amount of biomass 

Ccrop_i Total crop production biomass of crop type i 

including on-holding losses and wastage, 

quantities consumed directly on the farm and 

marketed quantities, indicated in units of basic 

product weight 

Tonnes biomass 

Ccrop_dry_i See Ccrop_i Tonnes biomass in d.m. 

Ccrop_kg_i See Ccrop_i Kg biomass 

Ccrop_kg_dry_i See Ccrop_i Kg biomass in d.m. 

Cgrass_grazed Grass biomass uptake by grazing Tonnes biomass at 15% m.c. 

Cgrass_gross Gross biomass production of grassland. 

Grazing potential.  

Tonnes biomass at 15% m.c. 

Cgrass_harvested Grass biomass harvest from grassland Tonnes biomass at 15% m.c. 

Clegumes_kg_i Total crop production biomass of leguminous 

crop type i  

Kg biomass 

Cres Total crop residues biomass in the reference 

area 

Tonnes biomass 

Cres_above_dry_i Total aboveground crop residue biomass for 

crop type i  

Tonnes biomass in d.m. 

Cres_above_kg_i See  Cres_above_dry_i Kg biomass 

Cres_above_harvest_dry_i Total aboveground crop residue biomass for 

crop type i which are harvested as by-product 

with the fodder (crop) (e.g. straw) and can be 

used as feed for animals, bedding material or 

other purposes 

Tonnes biomass in d.m. 

Cres_above_legumes_i Total aboveground crop residue biomass for 

leguminous crop type i   

Tonnes biomass 

Cres_above_legumes_kg_i See Cres_above_legumes_i Kg biomass 
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Cres_ash_i Total crop residues biomass of crop type i 

which are burnt on the field and are returned to 

the soil with the ashes 

Tonnes biomass 

Cres_burnt_i Total crop residues biomass of crop type i 

which are burned on the field 

Tonnes biomass 

Cres_burnt_kg_i See Cres_burnt_i Kg biomass 

Cres_harvest_i Total crop residues biomass of crop type i 

which are harvested as by-product with the 

fodder (crop) (e.g. straw) and can be used as 

feed for animals, bedding material or other 

purposes 

Tonnes biomass 

Cres_left_i Total crop residues biomass of crop type i 

which remain after the harvest of the (fodder) 

crop (e.g. stalks and stubble) above or below 

the ground 

Tonnes biomass 

Cres_left_above_i Total crop residues biomass of crop type i 

which remain after the harvest of the (fodder) 

crop (e.g. stalks and stubble) above the ground 

Tonnes biomass 

Cres_left_below_i Total crop residues biomass of crop type i 

which remain after the harvest of the (fodder) 

crop (e.g. stalks and stubble) below the ground 

Tonnes biomass 

Cres_remove_i Total crop residues biomass of crop type i 

which are harvested as by-product and are 

removed completely from agriculture  

Tonnes biomass 

Cres_return_i Total crop residues biomass of crop type i 

which are harvested as by-product and return 

to the field at a later stage (e.g. in litter)  

Tonnes biomass 

Cres_volatilised_i Total crop residues biomass of crop type i 

which is lost due to volatilisation of nitrogen 

with the burning of crop residues  

Tonnes biomass 

Croughage_demand Demand for roughage biomass Tonnes biomass at 15% m.c. 

Croughage_foddercrops Total roughage fodder crop production 

biomass 

Tonnes biomass at 15% m.c. 

Cseed_i Total seeds biomass input for crop type i in the 

reference area 

Tonnes biomass 

Yield 

Ycrop_kg_i Total harvested annual biomass yield for crop 

type i  

Kg biomass field-dry or fresh 

weight per ha 

Ycrop_kg_dry_i See Ycrop_kg_i Kg biomass in d.m. per ha 

Ygrass_gross_kg Grass biomass yield. Gross production per ha.  Kg biomass at 15% m.c. per 

ha 

Yres_above_tonnes_dry_i Total above-ground residues biomass yield Tonnes biomass in d.m. per ha 

Other activity data 
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AAPi Total annual average livestock population of 

livestock type i 

1 000 heads 

AAPgraz_i Total annual average livestock population of 

grazing livestock type i 

1 000 heads 

Forg_i Total amount of organic fertilizer i applied to 

agricultural soils 

1 000 tonnes 

Mtreated_i Total amount of manure treated with treatment 

i expressed in tonnes of original product before 

treatment  

1 000 tonnes of original  

product 

NAPAi Number of animals produced annually of 

livestock i 

1 000 heads 

ngrowing_cycle_i Average number of growing cycles per year 

for livestock type i 

Number 

nplaces_i Average number of animal places for livestock 

type i in the animal housing that is usually 

occupied (average capacity)  

Number 

RRi Roughage requirements of livestock type i Tonnes (at 15% m.c.) per head 

per year 

SRi Sowing rates of crop type i kg seed per ha 

talive_i Average number of days in a year that animals 

of livestock type i are alive  

Days 

tcleanse_i Average duration of the period per growing 

cycle when the animal place for livestock type 

i is empty e.g. for cleaning  

Days 

tempty_i Average duration during the year when the 

animal place for livestock type i is empty 

Days 

Factors and fractions 

Cf Combustion factor (proportion of fuel present 

at the time of the fire that is actually burned) 

Factor 

NUE  Nitrogen use efficiency Fraction 

PUE  Phosphorus use efficiency Fraction 

xabove_dry_i Dry matter fraction in the aboveground 

biomass of each crop type i  

Fraction 

xdry_i, Dry matter fraction of harvested product of 

crop type i 

Fraction 

x grass_conserv Fraction of total gross grassland production 

that is not available for consumption due to 

losses during the conservation of hay or silage  

Fraction 

x grass_feeding Fraction of total gross grassland production 

that is not available for consumption due to 

losses during the feeding of fresh grass, hay 

and silage to animals 

Fraction 
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xgrass_harvest_loss Fraction of total gross grassland production 

that is not available for consumption due to 

losses during harvesting 

Fraction 

xgrass_tramp Fraction of total gross grassland production 

that is not available for consumption due  to 

trampling by grazing animals 

Fraction 

xharvest Fraction of total aboveground crop biomass 

that is removed from the field as product  

Fraction 

xns_i Fraction of animals of livestock type i that die 

and are not sold  

Fraction 

xrenew_i Fraction of total area of crop type i that is 

renewed annually. 

Fraction 

xres_above_i Ratio of above-ground residues d.m. to total 

harvested d.m. yield for crop type i  

Ratio 

xres_above_burn_i Fraction of total aboveground crop biomass of 

crop type i that is burned on the field  

Fraction 

xres_above_construct_i Fraction of total aboveground crop biomass of 

crop type i that is used for construction 

Fraction 

xres_above_crop_i Ratio of aboveground residue biomass. to crop 

product biomass for crop type i 

Ratio 

xres_above_crop_dry_i Ratio of aboveground residue d.m. to crop 

product mass in d.m. for crop type i 

Ratio 

xres_above_fodder_i Fraction of total aboveground crop biomass of 

crop type i that is used as fodder 

Fraction 

xres_above_fuel_i Fraction of total aboveground crop biomass of 

crop type i that is used as fuel 

Fraction 

xres_above_harvest_i Fraction of above ground crop residues which 

are harvested for fuel, bedding, construction 

etc. 

Fraction 

xres_above_legumes_i Ratio of aboveground residue biomass to crop 

product biomass for leguminous crop type i 

Ratio 

xres_below_i Ratio of below-ground residues d.m. to total 

harvested d.m. yield for crop type i  

Ratio 

xres_below_above_i   Ratio of belowground residues to above-

ground biomass  

Ratio 

Nutrient coefficients 

Ncrop_coefficient_i Coefficient which represents the N content of 

harvested crop production for crop type i  

kg N per tonne biomass  

Ncrop_coefficient_kg_dry_i See Ncrop_coefficient_i kg N per kg biomass in d.m. 

Ndeposition_coefficient Coefficient which represents average N 

deposition per ha of UAA 

kg N per ha 

Nexcretion_coefficient_i Coefficient which represents average N 

excretion per head of livestock type i (per 

kg N per head  
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year) 

Nfix_legumes_coefficient_i Coefficient which represents N fixed  by 

leguminous crop type i per ha covered by the 

crop 

kg N per ha 

Nfix_free_coefficient Coefficient which represents N fixed  by free 

living organisms per ha of UAA 

kg N per ha 

Nlegumes_coefficient_i Coefficient which represents N content of crop 

production for leguminous type i 

kg N per tonne biomass 

Nlegumes_coefficient_kg_dry_i See Nlegumes_coefficient_i kg N per kg biomass in d.m. 

Norgfert_coefficient_i Coefficient which represents N content per 

tonne of organic fertilizer type i  

kg N per tonne 

Nres_burnt_coefficient_i Coefficient which represents N content of crop 

residues of crop type i which are burned on the 

field 

kg N per tonne biomass 

Nres_remove_coefficient_i Coefficient which represents N content of crop 

residues of crop type i which are removed 

from agriculture 

kg N per tonne biomass 

Nres_above_coefficient_kg_dry_i Coefficient which represents N content of 

above-ground residues for crop type i.   

kg N per kg biomass in d.m. 

Nres_below_coefficient_kg_dry_i Coefficient which represents N content of 

below-ground residues for crop type i.   

kg N per kg biomass in d.m. 

Nseed_coefficient_i Coefficient which represents N content per 

tonne of organic seed input of crop type i 

kg N  per tonne biomass 

Ntreatment_coefficient_i Coefficient which expresses N lost or added to 

manure treated due to treatment i in 

comparison with amount of N present in the 

original product before treatment  

kg N  per tonne 

Pcrop_coefficient_i Coefficient which represents the P content of 

harvested crop production for crop type i  

kg P per tonne biomass  

Pexcretion_coefficient_i Coefficient which represents average P 

excretion per head of livestock type i (per 

year) 

kg P per head  

Porgfert_coefficient_i Coefficient which represents P content per 

tonne of organic fertilizer type i  

kg P   per tonne 

Pres_remove_coefficient_i Coefficient which represents P content of crop 

residues of crop type i which are removed 

from agriculture 

kg P per tonne biomass 

Pseed_coefficient_i Coefficient which represents P content  per 

tonne of organic seed input of crop type i 

kg P  per tonne biomass 

Ptreatment_coefficient_i Coefficient which expresses P lost or added to 

manure treated due to treatment i in 

comparison with amount of P present in the 

original product before treatment  

kg P  per tonne 
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Results in Nutrients 

aGNS Atmospheric Gross Nitrogen Surplus Tonnes of Nitrogen  

GNS Gross Nitrogen Surplus Tonnes of Nitrogen (or kg 

Nitrogen per ha) 

hGNS Hydrospheric Gross Nitrogen Surplus Tonnes of Nitrogen (or kg 

Nitrogen per ha) 

Nanimalfeed Total N consumed by livestock Tonnes of N 

Nanimalfeed_farm Total N consumed by livestock with animal 

feed produced at farms (grass, maize etc.). 

Tonnes of N 

Nanimalfeed_import Total N consumed by livestock with animal 

feed products from industry (concentrates etc.) 

Tonnes of N 

Nanimalretention Total N retained in animal or animal products Tonnes of N 

 Ncontent_treated  Total change in N content of treated manure 

due to manure treatment  

Tonnes of N 

Ncrop Total N removal with harvested crop 

production 

Tonnes of N 

Ndeposition Total N deposition on the reference area  Tonnes of N 

Ndeposition_oxidized Total oxidised N deposition. Tonnes of N 

Ndeposition_reduced Total reduced N deposition Tonnes of N 

Nexcretion  Total N excreted  Tonnes of N 

Nfix_free Total N fixation by free living organisms Tonnes of N 

Nfix_legumes Total N fixation by leguminous crops Tonnes of N 

Nfix_legumes_kg Total N fixation by leguminous crops Kg of N 

Ngrass_gross Total N  in gross grassland production  Tonnes of N 

Ngrass_net Total N  in net grassland production Tonnes of N 

Nmanure_treated_i Total N  in the manure treated with treatment i Tonnes of N 

Nmanure_untreated_i Total N in the original manure before  it was 

treated with treatment i 

Tonnes of N 

Norgfert  Total N in organic fertilizers (excluding 

manure) applied to the reference area 

Tonnes of N 

Nres_ash Total N in ashes of burned crop residues of 

crop type i which are returned to the soil  

Tonnes of N 

Nres_burnt Total N in crop residues burned on the field  Tonnes of N 

Nres_harvest Total N in harvested crop residues crop type i  Tonnes of N 

Nres_harvest_kg See Nres_harvest Kg of N  

Nres_left Total N in crop residues left on the field for 

crop type i  

Tonnes of N 

Nres_left_kg See Nres_left kg of N 
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Nres_left_above_kg Total N in above ground crop residues of crop 

type i left on the field  

kg of N 

Nres_remove Total N in crop residues harvested and 

removed from agriculture  

Tonnes of N 

Nres_return Total N in crop residues of crop type i which 

are harvested as by-product and return to the 

field at a later stage (e.g. in litter)  

Tonnes of N 

Nres_volatilised Total N which is lost due to volatilisation with 

the burning on the field of crop residues of 

crop type i  

Tonnes of N 

Nseed Total N  input of seeds to the reference area Tonnes of N 

Panimalfeed Total P consumed by livestock Tonnes of P 

Panimalfeed_farm Total P consumed by livestock with animal 

feed produced at farms (grass, maize etc.). 

Tonnes of P 

Panimalfeed_import Total P consumed by livestock with animal 

feed products from industry (concentrates etc.) 

Tonnes of P 

Panimalretention Total P retained in animal or animal products Tonnes of P 

 Pcontent_treated  Total change in P content of treated manure 

due to manure treatment  

Tonnes of P 

Pcrop Total P  removal with harvested crop 

production 

Tonnes of P 

Pexcretion  Total P excreted  Tonnes of P 

Pgrass_gross Total P  in gross grassland production  Tonnes of P 

Pgrass_net Total P  in net grassland production Tonnes of P 

Pmanure_treated_i Total P  in the manure treated with treatment i Tonnes of P 

Pmanure_untreated_i Total P in the original manure before  it was 

treated with treatment i 

Tonnes of P 

Porgfert  Total P in organic fertilizers (excluding 

manure) applied to the reference area 

Tonnes of P 

Pres_burnt Total P in crop residues burned on the field  Tonnes of P 

Pres_harvest Total P in harvested crop residues of crop type 

i  

Tonnes of P 

Pres_left Total P in crop residues left on the field for 

crop type i  

Tonnes of P 

Pres_remove Total P in crop residues harvested and 

removed from agriculture  

Tonnes of P 

Pres_return Total P in crop residues of crop type i which 

are harvested as by-product and return to the 

field at a later stage (e.g. in litter)  

Tonnes of P 

Pseed Total P  input of seeds to the reference area Tonnes of P 
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