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89100100 CULTURESWITH FERTILISERS

SNAP CODE : 100100

SOURCE ACTIVITY TITLE : Cultureswith Fertilisers
(Fertilised Agricultural Land)

1 ACTIVITIESINCLUDED

This chapter considers the emissions of ammonia (NHs), nitrous oxide (N,O), other oxides of
nitrogen (NOy) and volatile organic compounds (VOCs) from agricultural soils to which
nitrogen (N)-containing fertilisers are applied. Emissions from growing and decomposing
fertilised plants are aso included. Emissions following application of animal manures to land
are considered in SNAP code 100500, Manure Management. However, losses of NH3 from
N-fertilisers applied to grass grazed by livestock, are difficult to distinguish from subsequent
NH; emissions from urine patches produced by grazing animals (Black et a. 1984). In
consegquence NH; losses from grazed grassland, (but not following manure spreading), are
dealt with in this chapter. Persistent Organic Pollutants are dealt with separately under SNAP
code 100600, Use of Pesticides.

Emissions of N gases from fertilised agricultural land are generaly related closely to the
amount and, in some cases, type of fertiliser -N applied.

This chapter is a development of chapter ag100100 (EEA 1996) which considered only
emissions of NHs.

The chapter is comprised of the following sub-codes

100101 Permanent Crops
100102 Arable land Crops
100103 Rice Field

100104 Market Gardening
100105 Grasdand

Sub-code 100106, Fallows, is not included, as N-fertiliser will not be applied to such land. In
most cases there is insufficient evidence to discriminate between the sub-codes when
estimating emissions. However there is some evidence that NH; emissions from grassand and
rice fields are significantly different to NH; emissions from the other sub-codes. Separate NH;
emission factors are therefore used for 100103 and 100105.

2 CONTRIBUTIONSTO TOTAL EMISSIONS

Fertilised agricultural land typically contributes approximately one tenth of the total source
strength for European emissions of NH3, N,O and NO.

The major source of NH3 in Europe is volatilisation from livestock excreta. While 10-20% of
agricultural NH; emissions have been estimated to derive from the volatilisation of N-fertilisers
and from fertilised crops (Asman 1992; ECETOC 1994). This range may be compared with
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the estimate of the CORINAIRY4 inventory (ETCAE, 1997) shown in Table 2.1. CORINAIR
estimated a contribution of c. 5% to the total which is probably an underestimate compared
with more recent values.

The CORINAIR inventory estimated that, via soil processes, fertilisers and crops contributed
c. 20% of N,O emissions on a European scale. Soils and crops are considered to be a net sink
for most NO, compounds. However NO may be released from soils during nitrification
following mineralisation of N from incorporated crop residues and soil organic matter. Only
NO emissions are therefore discussed. No figures were provided by CORINAIR for NO
emissions. Estimates of NO emissions are very uncertain, but soils may contribute c. 8% of
total European emissions. On a hot summer day this fraction may increase to c. 27% (Stohl et
al. 1996).

Table 2.1: % Contribution of total emissions of the CORINAIR94 inventory
(28 countries)

Sour ce-activity SNAP-code

SO, | NOs [ NMVOC | CH,4 CO | CO; [ N;,O | NHj

Cultures with Fertilisers | 100100 - 3.0 04 43 - - 23.1 | 53

0 = emissions are reported, but the exact value is below the rounding limit (0.1 per cent)
- = no emissions are reported

As can be seen from Table 2.1, VOCs from this SNAP Code represent < 1% of current total
emission estimates, and do not therefore require a methodology for calculation. However
given current uncertainties over the magnitude of VOC emissions from agricultural crops,
some information is given in this chapter, in order to provide background information, and to
highlight current uncertainties.

3 GENERAL

3.1 Description

3.1.1 Ammonia

The best information on NH;z emissions from cultures with fertilisers concerns the direct
emissions following fertiliser-N application. The evidence for direct emissions from, and
uptake by, plant foliage is also good, though estimates of net emissions are much more
uncertain. Although estimates of the component emissions from crop foliage have been made
(ECETOC 1994), it is often difficult to separate the direct fertiliser and plant emissions in
practice, since both are a function of fertiliser-N supply, and in many experiments total
emissions were measured. Genera reviews and estimates of NH3; from these sources have
been provided by Asman (1992), ECETOC (1994) and Sutton et al. (1995b).

Emissions of NH; from mineral fertilisers depend on the type of N-fertiliser applied, soil type
(especially soil pH), meteorological conditions and time of application in relation to crop
canopy development. In particular, the type of N-fertiliser applied has a great effect on the
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magnitude of emissions (Whitehead and Raistrick 1990). Emissions are largest from urea
fertiliser because it hydrolyses in the soil and releases NH;. Emissions from ammonium
sulphate (AS) may also be large, but these are very dependent on soil pH, with larger
emissions from calcareous soils. Other fertilisers, such as ammonium nitrate (AN), are more
neutral in pH and produce much smaller emissions. These are often difficult to distinguish in
measurements from plant-atmosphere fluxes. Fertilisers containing only nitrate (NO3’) will not
emit NH; directly, but may increase NH; emissions by fertilised crops.

The estimates of NH; emission from decomposing crop residues are also extremely uncertain,
and emissions from this source are likely to be very variable. The limited experimental work
(Whitehead and Lockyer 1989) found only emission from grass foliage with a high N content
where much N-fertiliser had been applied, and was restricted to laboratory measurements
which may overestimate emission. Recent measurements have aso indicated significant NH;
emissions from decomposing brassica leaves (including oilseed rape, cauliflower), especially
after cutting (Sutton et al. 1996; R Harrison, ADAS, UK, pers. comm.).

Depending on the interpretation of results, emissions from growing vegetation and from
decomposing grass herbage may be treated as an additional emission. Or they may be included
together with soil emissions as a single emission factor. The time scale over which the
emission estimates are made is important to note. Fertiliser emissions are largest in the days
after application, but in some instances (e.g. urea applied in dry conditions resulting in a Slow
hydrolysis), fertiliser emission may proceed for over a month after application (Sutton et al.
19954q). For background emissions (other than initial fertiliser losses) during the plant growing
period, most of the emission occurs indirectly from the foliage. However, as well as being
influenced by air concentration and environmental conditions, both emission and deposition
occur on diurnal cycles. It has been suggested that for some arable ecosystems, on an annual
basis, foliar emission may balance dry deposition to the same vegetation (Sutton et al. 1995a).
Foliar emissions are expected to be larger from annual cereal crops than from fertilised
agricultural grasdand, since much of the emission may occur during the grain ripening and
vegetation senescence phase (Schjarring 1991). In contrast, where agricultural grassland, or
other crops, are cut and left in the field for extended periods, decomposition may result in
emissions of smilar magnitude. Emissions from this source are extremely uncertain, and
probably vary greatly from year to year depending on environmental conditions and success of
harvests.

Emissons of NH; from grazed grassand have been shown to increase with increasing
fertiliser-N application (Jarvis et al. 1989; Bussink 1992). Moreover the proportion of NH;
emitted increases with increasing fertiliser-N.

Particularly large emissions (c. 30% of N applied), have been measured following application
of ureaand ASto flooded rice fields.

3.1.2 Nitrous Oxide

In soil N,O is produced predominantly by two microbial processes : nitrification (the oxidation
of ammonium (NH,") to nitrate (NO3") and denitrification (the reduction of NOs™ to gaseous
forms of N, ultimately N,O and N,). The rate of N,O production is primarily dependent on
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the availability of mineral N in the soil (e.g. Bouwman 1996) Maximum N,O emissions are
generally observed within 2 to 3 weeks of N-fertiliser application. The magnitude of the
emissions depend on the rate and form of fertiliser applied, the crop type and the soil
temperature and soil moisture content. However, it is not possible to derive emission factors
for different fertilisers or soil types from existing data (Bouwman 1996). Therefore, the IPCC
method defines only one emission factor for al types of N inpuit.

Following the IPCC Methodology (IPCC/OECD 1997), N,O emissions from agricultura soils
may be calculated as the sum of :

i direct soil emissions (1.25% of N inputs are emitted as N,O-N); (where N inputs are
from fertilisers, biological N fixation and crop residues). See IPCC Worksheet 4-5,
sheet 1.

il direct N,O emissions from cultivation of histosols (IPCC Worksheet 4-5, sheet 2).

ii. direct soil emissions (2% of N inputs) from grazing animas (IPCC Worksheet 4-5,
sheet 3).

iv. indirect emissions following deposition of NH; and NOy (1% of N deposited as NH;
and NOy is subsequently re-emitted as N,O), or leaching or run off (2.5 % of N
leached or run off, IPCC Worksheet 4-5, sheets 4 and 5).

Prior to estimation of direct N,O emissions, fertiliser N inputs are reduced by 10%, and
excretal N returns by 20%, to allow for N lost as NH;. Emissions from anima waste
management and manure spreading are included in SNAP Code 100500, Manure
Management.

Direct emissions from cultures with fertilisers include emissions which are induced by N input
(fertiliser, excretal N deposited during grazing, biological N fixation and crop residues). In
addition, cultivation of organic soils (histosols) is regarded as a direct source of N,O. The
magnitude of direct N,O emissions varies with a range of soil and environmental factors.
Application of N-fertiliser to, or incorporation of N-rich crop residues into, moisture-retentive
soils produces greater N,O emissions than application to free-draining soils (Skiba et al.
1992). Application to or incorporation into warm soils is aso likely to lead to greater
emissions than from soils which are cold. However, recent studies showed, that the largest
N.O emissions occur during thawing of frozen soils (Meller et a. 1997), and the total
emissions between November and February were 50% of the total annual flux (Kaiser et al.
1997). Rapid crop growth, and demand for NOs-N, will reduce N,O emissions by reducing
the pool of mineral N available for denitrification (Yamulki et al. 1995). Increased exudation
of C from plants may also increase denitrification.

These soil and environmental factors also influence the magnitude of indirect N,O emissions
following atmospheric deposition of NH; and NOx.
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3.1.3 Nitric Oxide

Nitric oxide (NO) may be emitted either as a consequence of nitrification, or denitrification.
In cultures with fertilisers, where pH is likely to be maintained above 5.0, nitrification is
considered to be the dominant pathway of NO emission (Remde & Conrad 1991; Skiba et al.
1997). The main determinant of NO production in agricultural soils is mineral N
concentration (Skiba et al. 1997). This is increased by N-fertiliser application, excreta N
deposited during grazing, crop residue incorporation and cultivation.

Current data on NO emissions in relation to fertiliser-N use were reviewed by Skiba et al.
(1997). Losses ranged from 0.003 to 11% of applied fertiliser-N, with a geometric mean
emission of 0.3% applied N. In view of the sparse and skewed nature of the data, this
estimate is proposed in preference to that of Yienger & Levy (1995) who used an arithmetic
mean of 2.5% loss of fertiliser-N to estimate NO emissions.

Activities such as tillage and incorporation were considered to increase NO emissions by a
factor of 4 (Skiba et al. 1997). Thus a knowledge of the N concentration and mineralisation
rate of crop residues could provide an estimate of soil NH," on which to base an emission
estimate. A knowledge of soil N content could also alow an estimate to be made of NO
emissions following cultivation.

3.1.4 Volatile Organic Compounds

Volatile Organic Compounds (VOCs) are defined as “all those organic compounds, other than
methane, which can produce photochemical oxidants by reaction with nitrogen oxides in the
presence of sunlight”.( ref to be added)

Three categories of sources may be distinguished:

1. activities that emit VOCs by combustion or evaporation;
2. land clearing, including burning;
3. Biogenic processes.

The primary sources in the agricultural sector are:

1. burning stubble and other plant wastes;
2. The use of organic solvents in pesticide production;
3. Anaerobic degradation of livestock feed and animal excreta.

These 3 major sources are dealt with elsewhere. Stubble burning in SNAP code 100300,
emissions from burning other crop residues in SNAP code 090700 (Open Burning of
Agricultural Wastes). Emissions from livestock manures are included in SNAP Code 100500,
Manure Management.

The emission of some VOCs may be of benefit to plants, e.g. to attract pollinating insects,
while others may be waste products or a means of losing surplus energy (Hewitt and Street
1992). Ethene emission has been observed to increase when plants are under stress. Factors
that can influence the emission of VOCs include temperature and light intensity, plant growth
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stage, water stress, air pollution and senescence (Hewitt and Street 1992). Emissions of
VOCs from plants have usualy been associated with woodlands, which predominantly emit
isoprenes and terpenes (Konig et a. 1996). Hewitt and Street (1992) took qualitative
measurements of the magjor grass and crop species in the UK (except for barley, Hordeum
vulgare). The only crop species producing any significant emissions was Blackcurrant (Ribes
nigrum). However these workers cautioned against classifying plants as ‘non-emitters’ on the
basis of limited measurements, as plant growth stage had been shown to be an important factor
inemission. Therole of the soil as a source or sink of VOCs requires investigation

Hewitt and Street (1992) concluded that trees are the main emitters of non-methane
hydrocarbons (NMHCs). Other plants, and crops are negligible in comparison. Konig et al.
(1996) noted that in earlier studies NMHCs had been regarded as the major component of
VOC emissions. However Konig et al. (1996) found oxygenated VOCs to be the major
VOC emissions from cereals. In that study emissions were not invariably greater from trees
than from agricultural crops. Total emissions of NMHCs per unit of dry matter (mg g ha®)
were : wheat, 0.01; beech (Fagus sylvatica), 0.08-0.20; hornbeam (Carpinus betulis), 0.16;
rye,0.22-0.27; oilseed rape, 0.20-0.32; birch (Betula pendula), 0.56; and oak (Quercus
petrae), 0.78. Emissions were increased during flowering for rape, but not for rye.

3.2 Definitions

Animal Manures. Animal excreta deposited in houses and on yards, collected, either with
bedding or without, to be applied to land.

Livestock excreta. Livestock excreta deposited at any time, including while grazing.

Fertilised agricultural grassand. Grassand, to be used for ether cutting grass or
conservation, grazing or both, to which synthetic N-fertilisers have been applied.

Crop residues. The unharvested parts of crops that are left on the field and ultimately
incorporated into the soil.

3.3 Controls

3.3.1 Ammonia

Emissions of NH; from crops have not generaly been seen as a magjor option for control,
primarily because the emissions from animal husbandry are much larger and therefore provide
greater scope for reducing total emissions.

However, there may be potential for reducing crop emissions by switching from urea to other
N-fertilisers. Urea has been considered to contribute approximately 50% of the fertiliser
emissions in western Europe (ECETOC 1994) because of its greater NH3 volatilisation rate.
A potentially effective control of fertiliser emissions would, therefore, be to use aternative N-
fertilisers with smaler NH; emissons. A further possbility is to add urease
regulatorg/inhibitors to urea fertiliser which are expected to reduce emissions. Costs of these
measures would include the differential price of more expensive fertilisers or of inhibitors.
However, it should aso be noted that urease inhibitors may have other undesirable
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environmental effects which need to be assessed before these are recommended. The most
effective inhibitors have been toxic heavy metals (eg Hg and Cu), and phenolic compounds
which may have a general toxicity to micro-organisms (Fenn and Hossner 1985).

As NH; emissions are strongly a function of N supply, another potential control is to use
cultivars or crop species which require less N. Use of less N-demanding species and cultivars
will generally reduce total produce yields, the costing of which may be difficult because of the
close link to produce supply and market values. However, it may be appropriate to consider
reduction in fertiliser-N inputs where these have an additiona benefit for other environmental
effects, such as reducing NO3™ leaching.

Emissions may aso be reduced by placing the fertiliser granule into the soil at the same depth
as the seed (c. 7-8 cm). This will only be applicable for crops sown in the spring (apart from
grass reseeds in autumn). When urea is used care needs to be taken to ensure the fertiliser is
not placed so close to the seed that germination is inhibited. The NH; emissions from
placement of fertilisers have been estimated to be negligible (assuming that N supply is
dimensioned correctly). Deep placement of fertiliser granules is a common technology and has
been used for many yearsin Finland (Aura 1967).

Incorporation of fertiliser-N prior to rice planting, or delaying application until panicle
initiation, have been shown to reduce NH; emissions from rice fields (Humphreys et al. 1988).
These are aready standard practices in the USA (Bacon et a. 1988). Freney et al. (1988)
warned that measures to reduce NH3; emissions from rice cultivation may not reduce total N
losses in soils with large nitrification or denitrification rates.

Reducing fertiliser-N applications to grassland may be effective in reducing NH; emissions per
unit area. However thiswill reduce milk yield and liveweight gain, unless extra forage is made
available. The provision of such extra forages may increase NH; losses, either at grazing or in
buildings, by increasing excretal returns.

It should be noted that few of these changes have so far been applied by countries as measures
to limit NH; emissions, and further work would be required to provide a detailed evaluation of
all these possibilities.

3.3.2 Nitrous Oxide

Since emission of N,O is a consequence of nitrification as well as denitrification (e.g.
Klemendtsson et al.1988; Arcara et a. 1990), the greatest potential for reducing N,O
emissions will come from reducing mineral N (NH," and NO3) concentrations in soils. This
may be done most smply by reducing inputs of fertiliser-N. As stated in section 3.2.1, such a
measure will have a significant cost if it reduces crop yields. However some scope may remain
for better matching of N-fertiliser to crop requirement. This may be done by avoiding N
applications in excess of the economic optimum. Such applications are sometimes made as an
insurance against under-fertilising. To reduce the likelihood of excessive N fertilisation care
should be taken, when deciding N-fertiliser applications, to make full allowance for N available
in the soil from previous crop residues, organic manure applications and mineralisation of soil
organic matter. Careful timing of fertiliser-N application may also reduce N,O emissions.
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Crops and soil microbes may be regarded as being in direct competition for the mineral N in
soil (Recous et al. 1988). If large amounts of N-fertiliser are applied to the soil at times when
plant growth is limited, and when soil moisture and temperature are favourable, denitrifying
and nitrifying bacteria may use the mineral N as a substrate. However if the N-fertiliser is
applied to an actively-growing crop, much of it may be taken up quickly by the crop, and
removed from sites of bacterial activity. Timing of fertiliser-N application to coincide with
crop demand is already recommended in many countries to reduce NOjs™ leaching. Preliminary
results from a UK study (S Ellis pers. comm.) suggest this strategy may aso be effective in
reducing N,O emissions.

The effect of fertiliser type on the emission of N,O is inconclusive, and is therefore not
included in the IPCC methodology. However, some studies suggest, that fertiliser - induced
emissions of N,O may be greater with the use of anhydrous ammonia and organic N fertilisers
(Bouwman, 1996).

Timing the incorporation of crop residues, to avoid incorporating when soils are poorly
aerated, may aso give some reduction in N,O emissions (Flessa and Beese 1995). The
relative importance of nitrification and denitrification need to be defined, if correct soil
management is to be applied. Mitigation options to reduce N,O emissions from agricultural
soils are further discussed by Mosier et al. (1996).

3.3.3 Nitric Oxide

Since, in temperate climates, NO emissions are considered to be predominantly a consequence
of nitrification, the use of urea fertiliser may produce larger NO emissions than equivalent
amounts of N applied as AN. While at present there is insufficient data to discriminate
between fertiliser-N sources (Skiba et a. 1997), the substitution of AN for urea to reduce NH;
emissions, may aso give some reduction in NO emissions.

Currently the only other possible option is to ensure that applications of N-fertiliser are no
greater than is needed for optimum crop yield, by making full alowance for the N supplied by
crop residues, organic manures, previous N-fertiliser applications, and mineralisation of soil N.
Fertiliser application should also be timed to match crop demand.

3.3.4 Volatile Organic Compounds
No potential controls have been proposed for VOC emissions from fertilised crops.

4 SIMPLER METHODOLOGY
4.1 Ammonia

Noting the interdependence of direct fertiliser emissions and subsequent emissions from
foliage and decomposing material of fertilised vegetation, the emissions are treated here as a
single integrated term. These are estimated as % losses of the fertiliser-N use for each of the
main fertiliser categories. In the simple methodology the % N emissions factors are taken to
be the same for all countries. Soil type and climate are expected to affect emissions and an
approach is given in the detailed methodology (section 5) to account for this.
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The emission factors for the simple methodology are provided in Table 4.1. These are based
largely on the estimates of Asman (1992), ECETOC (1994) and Sutton et al. (1995b). The
combined fertiliser-plant emission factors are smaller than the totals of ECETOC (1994), since
in the origina estimates of ECETOC their emissions factors referred to just fertiliser losses,
while they provided an additional emission from indirect foliar emissions (not shown in Table
4.1). In contrast the estimates here are larger than the estimates of Sutton et al. (1995b).

It should be noted that the estimates published by Buijsman et al. (1987) are now considered
to be out of date and overestimate NH3; emissions.

To calculate NH3; emissions from fertilised cultures in a country, the use of each fertiliser type
(expressed as mass of fertiliser-N used per year), is multiplied by the appropriate emission
factor, and the emissions for the different fertiliser types summed. A simple spreadsheet for
this calculation is provided in the detailed methodology (see section 5). Emissions of NHz-N
from fertilisers applied to grass cut for hay or silage may be calculated using the same factors
as for arable and other crops. Separate emission factors are used for NH3; emission from
grazed grassland.

Table4.1: Simpler methodology estimates of total NH; emissions from cultures due to
fertiliser volatilisation, foliar emissons and decomposing vegetation (second
column). The estimates are compared with other literature values. Values are kg
NH3-N volatilized per kg of N in fertilisersapplied (100* NH3-N/fertiliser N).

Fertiliser type Present Asman (1992) | ECETOC (1994) | Sutton et al.
simpler (Europe) Group 11 (1995) (UK)
methodology to European
apply countries)
Estimates from fertiliser and fertiliser fertiliser fertiliser and
plants plants
Ammonium sulphate .08 .08 .10 -
Ammonium nitrate .02 .02 .02 .01
Calcium ammonium nitrate .02 .02 .02 .01
Anhydrous ammonia .04 .01 .04 -
Urea 15 15 15 10
Combined ammonium .04 .05 -
phosphates (generally di-
ammonium phosphate)
M ono-ammonium phosphate .02
Di-ammonium phosphate .05
Other complex NK, NPK fert .02 .02.5-.04 .02 .025
Nitrogen solution (mixed urea .08 - .08 -
and ammonium nitrate)
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To estimate NH; emissions from grazed grassland, Jarvis and Bussink (1990) proposed a
function of the form

V=ab". 1

whereV = NH3z-N emission
N = fertiliser-N application (kg ha)

This function was subsequently updated and used to calculate grazing emissions for the UK
(Pain et al. 1997),where:

VR 3y A0 X0 : < N )

to estimate NH; emissions from grazed grassand, b will be equa to the average annual
fertiliser-N application to grazed grass. This approach estimates both emissions from
fertiliser-N, and subsequent emissions from excreta deposited during grazing. In the studies
from which these data were derived, AN or calcium ammonium nitrate were the sources of
fertiliser-N

Thus the above equation may underestimate losses from grassand when urea is applied. No
distinction is made between emissions from cattle and sheep. However in general less
fertiliser-N is applied to grass grazed by sheep, usualy <100 kg ha* yr', and so in practice
emissions from sheep grazing are not likely to be greatly overestimated.

Equation (2) was derived amost entirely from measurements of NH; emissions in =~ N-W
Europe. The relationship may not give accurate estimates of emissions from grazing in drier,
or warmer climates.

4.2 Nitrous Oxide

The methodology used here follows the approach taken by IPCC/OECD (1997) in order to
maintain consistency between the different emission inventories. Emissons arising from
manure application are dealt with in SNAP Code 100500, Manure Management. The IPCC
detailed methodol ogy requires the following input data:

1. Total synthetic fertiliser-N applied

2. Total N content of fertilised crop residues, biological N, fixation and excreta from
grazing animals returned to the soil.

3. Areaof organic soils (histosols) cultivated in the country.
4. Estimate of atmospheric emission of NH3; and NO.
5. Estimate of N lost from soils by leaching and runoff.

These input data can be estimated from FAO data (see IPCC/OECD 1997), see Table 4.2.
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Table 4.2 Summary of IPCC source categories (IPCC Guidelines for National
Greenhouse Gas Inventories, Volume 2: Workbook, 1997) to bereported as CORINAIR
sub-sectorsfor agriculture.

CORINAIR SUB- IPCC N,O SOURCE (IPCC WORKBOOK WORKSHEET
SECTOR (snap code)
Cultures with/without - Direct soil emission due to N-inputs excluding manure (4-5, sheet 1,

fertilisers (100100.100200) | excluding animal waste Faw)

- Direct soil emissions due to histosol cultivation (4-5, sheet 2)

- Direct soil emissions from grazing animals; pasture, range & paddock (4-5,
sheet 3)

- Indirect emissions due NH3; and NO, emissions from synthetic fertiliser use
and grazing animals (4-5, sheet 4, excluding animal waste used as fertiliser)

- Indirect emissions due N leaching/runoff from synthetic fertiliser use and
grazing animals (4-5, sheet 5, excluding animal waste used as fertiliser

Manure Management - Manure management: 6 waste management systems (4-1, sheet 2, excluding
(100500) pastue, range & paddock)

- Direct soil emissions due to manure N-inputs excluding grazing animals (4-
5, sheet 1, row for animal waste Faw only)

- Indirect emissions due NH3; and NO, emissions from animal waste excluding
grazing animals (4-5, sheet 4, animal waste used as fertiliser only)

- Indirect emissions due N |eaching/runoff from animal

waste excluding grazing animals (4-5, sheet 5, animal waste used as fertiliser

only)

The default emission factors for the above are given in Table 4.3. More detall may be
obtained from IPCC Worksheet 4-5, sheets 1-5.

The N,O emission may be calculated as :

FN,O-N =0.0125 * ‘net’ N inputs 0.02* ‘net’ N inputs from grazing + 0.01 * (NHs

+ NOx-N emissions to atmosphere + 0.025 * N (leached and/or run off) 3
where units are generally expressed as kg N ha* yr™.

In the case of organic soils (histosols) an additional emission of 5kg N ha*yr™ is added (Table
4.3).

The IPCC guidelines estimate direct soil emissions as a fraction of N inputs to soils, excluding
NH; emissions. This‘net’ N input is calculated for N-fertilisers as:

‘net’ N input (kg N ha') = fertiliser-N input (kg N ha) * 0.9 (4)

To calculate the subsequent N,O emission, this ‘net’ N input is multiplied by the emission
factor 0.0125 kg N,O-N per kg ‘net’ N input.

FN,O (fertiliser) = ‘net’ fertiliser-N input (kg N ha') * 0.0125 N,O-N kg N
IODUE ™ oottt ettt es et s s et e s s st s s e st st s s e e s es s s e e et s set et asensee et ansnaetenneneneas (5)
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For excretal N deposited during grazing, the ‘net” N input is calculated as :
‘net’ input (kg N ha) = Excretal-N input (Kg N ha™) * 0.8.......ccccevcvevevceeeeeriereennns (6)

An estimate of excretal-N deposited during grazing is given for each major livestock class in
SNAP Code 100500, Manure Management.

To calculate N,O emissions from N deposited during grazing, the ‘net’ N input is multiplied by
the emission factor 0.02 kg N,O-N per kg ‘net’ grazing N input

FN,O (grazing) = ‘net’ grazing N input (kg N ha) * 0.02 kg N,O-N kg N input™ .. (7)

Table 4.3: Default emission factors for N,O emissions from cultures with fertiliser
(IPCC/OECD, 1995)

Sour ce of N,O Emissions Factor

Direct soil emissions

N inputs (fertiliser,biological N fixation and crop 0.0125 kg N,O-N/kg ‘net’ N input™

residues)

cultivation of histosols 5 kg N,O-N ha' yr?

Excretal N deposited during grazing 0.02 kg N,O-N kg ‘net’ N input™

Indirect emissions

Emission of NH; and NO, 0.010 kg N,O-Nkg NH5-N and NO,-N  emitted™
N leaching and runoff 0.025 kg N,O/kg N leached or lost by run off™*

Manure N inputs are dealt with in SNAP Code 100500, Manure Management

The IPCC estimates were developed for wide area estimates to be integrated up to the global
scale. As such a number of simplifications had to be made to suit the availability of data. A
key approximation on this scale is that atmospheric N deposition equated to atmospheric
emissions of NH3; and NO,. On a European scale, and particularly within the Convention on
Long Range Transboundary Air Pollution, this might be considered an unacceptable
smplification, given the different locations of source and sink areas. In this case atmospheric
N deposition estimates should be taken from national estimates or EMEP (e.g. Barrett &
Berge 1996).

It should be recognized that although N,O emissions as a function of atmospheric N inputs
will be significant, for fertilised agricultural land these will generally be small compared with
emissions resulting from fertiliser-N inputs. This term should nevertheless be included to
maintain consistency across different land-uses.

4.3 Nitric Oxide

A simple methodology similar to that described by the IPCC for N,O flux estimates is applied
for estimating NO emissions, i.e. emissions that arise directly as a result of N-fertiliser
application. To estimate NO emissions, the total usage of mineral N-fertiliser in the country is
required. Emissions of NO-N are calculated as 0.3% of total fertiliser-N applied (Skiba et al.
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1997). This 0.3% value was derived from a much smaller data set compared to the equivalent
value used for the N,O fertiliser induced emission calculation. The certainty in the 0.3% value
can therefore be greatly increased by further rigorous intensive measurements.

44 VOCs

An approach for estimating the emissions from grassland and crop is given in Chapter 110400,
Natural Grassland. The same approach may be adopted here. It isimportant to use the same
land use data as for other emitted species, and to avoid double counting. If the method given
in Chapter 110400 is used, emissions from fertilised agricultural land must be reported under
Chapter 100100.

5 DETAILED METHODOLOGY

51 Ammonia

5.1.1 Emissions from cropsand cut grassland

To provide a more detailed methodology it is desirable to distinguish between the different
climates and soil types for different countries. The justification for this is well established, as
crop emissions are known to be larger in warmer climates (Fenn and Hossner 1985), while soil
emissions (direct fertiliser losses) generaly increase at higher soil pH (e.g. Whitehead and
Raistrick 1990). Given the need to generalize, only a broad scale approach is possible to apply
these known differences in inventories. A first attempt has been applied by ECETOC (1994),
and is used as the basis for the present classification. Countries are categorized into 3 types:

Group | Warm temperate countries with a large proportion of calcareous soils (e.g.
Greece, Spain).
Group 11 Temperate and warm-temperate countries with some calcareous soils (or

managed with soil pH >7), but with large areas of acidic soils (e.g. Italy, France,
UK, Eire, Portugal, Belgium, Netherlands, L uxembourg.

Group IlIl  Temperate and cool-temperate countries with largely acidic soils (e.g. Nordic
countries, Germany, Switzerland, Austria).

The countries listed in brackets are as assigned by ECETOC (1994), which restricted its
coverage to western Europe. Other UNECE countries may be added to this classification.
Here the main extension would be that countries with subtropical and continental climates (eg
Eastern Mediterranean, Southern Steppe) would be expected to fall into Group I.

In respect of urea, a greater NH3 loss on calcareous soils may not be justified. While NH;
losses from AS and AN have been found to increase markedly with increasing pH (e.g.
Whitehead and Raistrick 1990), NH3 loss from urea is less dependent on initial soil pH, since
hydrolysis of urea will increase pH immediately around the fertiliser granule to c. 9.2 (Fenn
1988). Moreover reaction with calcium ions reduces the volatilisation potential of (NH,),COs
produced by urea hydrolysis (Fenn and Hossner 1985). In contrast to other N-fertilisers, NH;
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loss from urea did not increase consistently with pH, and was not greater on a calcareous soil
(Whitehead and Raistrick 1990). This was considered due to differences in cation exchange
capacity (CEC). Whitehead and Raistrick (1993) also found losses of NH3 from cattle urine
were no greater on calcareous than on non-calcareous soils. The best correlation with NH3
loss was with CEC. Gezgin and Bayrakli (1995) measured NH; losses from urea, AS and AN
on calcareous soils in Turkey. Losses from AS (c. 16%) and AN (c. 5%) were greater than
those measured on non-calcareous soils by Somner and Jensen (1994), which were <5% and
<2% respectively. However losses from urea at c. 8% were less than those measured by
Sommer and Jensen (1994). Nevertheless a greater emission factor for urea in Group 1
countriesis justified by the greater temperatures. The large proportion of calcareous soils will
however increase NH; losses from AS (Fleisher et al. 1987).

Values of emission estimates for the more detailed methodology are provided in Table 5.1. A
simple spreadsheet is provided for calculating culture NH; emissionsin Table 9.1.

5.1.2 Emissions from grazed grassland

Van der Weerden and Jarvis (1997) reviewed data from field measurements of NH;3 loss
following application of N fertilisers to grassland and arable land. They concluded that NH3
losses from urea are greater by afactor of 2 on grassland. This greater potential for NH; loss
had been attributed to greater urease activity in grassdand soils by O'Toole and Morgan
(1985). Thiswill give the following NHs losses (kg NHs-N kg fertiliser -N™* applied) for urea:

Arableland  0.16 (Zonel), 0.12 (Zones 1l and I11);
Grasdand 0.30 (Zonel), 0.25 (Zones 1 and I11).

These coefficients are for estimating emissions only from grass that is cut. The method for
calculating NH; emissions from grazed grassland is given in Section 4.1

Table5.1: Detailed methodology estimates of total NH3; emissions from cultures due
to N fertiliser volatilisation, foliar emissions and decomposing vegetation. Values are kg
NHs-N volatilised per kg fertiliser-N applied (100 * NHs-N/fertiliser-N™)

Fertiliser type Group | Group |1 Group 111
Ammonium sulphate .15 .10 .05
Ammonium nitrate .03 .02 .01
Calcium ammonium nitrate .03 .02 .01
Anhydrous ammonia .04 .04 .04
Urea .20 15 15
Combined ammonium phosphates (generally di-ammonium .05 .05 .05
phosphate)

Other complex NK, NPK fertilisers .03 .02 .01
Nitrogen solutions (mixed urea and ammonium nitrate) .08 .08 .08

5.1.3 Emissions from Rice Fields

Losses of NH3 following applications of N-fertiliser to flooded rice soils are considered to be
potentialy greater than from other cropping systems (Fenn and Hossner 1985). Viek and
Crasswell (1979) measured NH3 losses of up to 50% of urea-N applied, and up to 60% of
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AS-N. More recent studies of NH; emissions following urea application to flooded soils, have
measured losses in the range c. 8-56% of urea-N, with a median loss of 30%. Many of these
studies used micrometeorological techniques. Patel et al. (1989), in areview, concluded that
earlier studies using chambers, had overestimated NH; lossesin the field.

A loss coefficient of 0.30 NHs-kg N kg Urea-N applied™ should therefore be used to calculate
NH; emissions from flooded rice fields.

As noted above, application of fertiliser-N to flooded rice fields is not standard practice in all
countries.  When application is ether to the soil before flooding, or when the crop is at
panicle initiation, losses will be significantly less. In such cases, emissions should be calculated
using the coefficients given in Table 4.2.

No data was found on NHj3 losses following AN application to rice fields. In the absence of
more specific data, emissions should be calculated from Table 4.2. Fillerey and De Datta
(1987), found NH3-N losses of 37% from AS applied to flooded rice fields. We propose using
the same loss coefficients for AS as for urea, when estimating NH3 losses from rice field.

5.2 Nitrous Oxide

No more detailed methodology is proposed for estimating emissions of N,O . However
countries may use their own estimates for any step in the IPCC method if this will increase
precision. In particular countries are encouraged to estimate NH; losses using the methods
described in this chapter, rather than the IPCC default values.

5.3 Nitric Oxide

A more detailed methodology, based on the soil temperature and the land use type has been
developed by Williams et a. (1992).

Fno=A* eXp (0.071% T9) wovvvveeeeeeeeeeeeeteeeeeenens (8)
where

Fro = NO flux, (ng Nm?s?)

Ts = Soil temperature, (degrees Celsius)

A = Experimentally derived constant for the land use types of grassands and

pasture, forests and urban trees, and the individual agricultural categories

To improve this approach, N input and soil moisture contents (Meixner, 1994) need to be
included in the equation. However at this stage, there is no sufficiently robust analysisto use
as a basis for a more detailed methodology. This methodology produces much greater
estimates of NO emission than are given by the smple methodology, and the authors conclude
it is not appropriate to use at this stage. Details of this method are given in chapter 110300.

54 VOCs
See section 4.4.
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6 RELEVANT ACTIVITY STATISTICS

Information is required on the annual consumption of major N- fertiliser types by each
country. Thismay be obtained from IFA (1992) as well as from national agricultural censuses.
Information may aso be required on the amounts and N concentrations of crop residues
returned to the soil. This may be obtained from statistics on crop production. The amounts
of N deposited by animals while grazing are given in SNAP Code 100500, Manure
Management. The area of organic soils (histosols) under cultivation is aso useful. Finally
information is needed on emissions of NH3z and NO.

Where spatially disaggregated inventories of fertilised culture emissions are required (section
12), information on the spatia distribution of different crop types and average N-fertiliser
inputs to each crop type may be used. In the absence of data on the use of different fertilisers
for crop types, the average N-fertiliser inputs to crops may be combined with the average NH3
emission factor for a country estimated according to Tables 9.1, 9.2 and 9.3 as. Tota
NH3/N,O/NO emission/total N-fertiliser consumption. All the activity statistics required are
summarized in Table 9.4.

7 POINT SOURCE CRITERIA

Ammonia, N,O, NO and VOC emissions from cultures with fertilisers should be treated as
area sources.

8 EMISSION FACTORS, QUALITY CODES AND REFERENCES

The emission factors for NH3, N,O and NO losses from cultures with fertilisers, are treated as
kg of N per kg N applied as fertiliser or, in the case of crop residues incorporated into the soil,
and excretal-N deposited during grazing, of the N returned in these forms. Full details of
calculations are provided in sections 5 and 6.

9 SPECIES PROFILES
9.1 VOCs

As with foress NMVOC emissions, biogenic emissions from grasslands consist of a wide
variety of species, including isoprene, monoterpenes, (alpha-pinene, limonene, etc.), and
‘other’ VOC. The ‘other’ VOC (OVOC) species consist of a large number of oxygenated
compounds (alcohols, aldehydes, etc.), and have proven difficult to quantify in atmospheric
samples. Progress in quantification of OVOC from European vegetation has been made
recently (KTnig et a. 1996). although many more measurement data will be required before
reliable attempts to inventory specific OVOC can be made.

B1010-16 1 September, 1999 Emission Inventory Guidebook



ag100100

CULTURESWITH FERTILISERS

Table9.1;

Spreadsheet for calculating NHz; emissions from cultures with fertilisers
according to either the simpler or more detailed methodologies

Group of country (for detailed

methodol ogy)

Column A B C

Fertiliser type N emissions (from Fertiliser usekg N | Ammonia emissions
Table1or 2) kg NHs- | yr* (seesection 6) | kg NHz yr?
N kg N applied yr (A*B*17/14)

Ammonium sulphate

Ammonium nitrate

Calcium ammonium nitrate

Anhydrous ammonia

Urea

Mono-ammonium phosphate

Di-ammonium phosphate

Other complex NK, NPK
fertilisers

Nitrogen solution (mixed urea and
ammonium nitrate)

L egumes (see section 5)

Total ammonia emissionsin kg
NH; per year

Table 9.2: Spreadsheet for calculating nitrous oxide emissions from cultures with
fertilisersaccording to either the simpler or mor e detailed methodologies
A B
N input N emission kg N,O-N | Ninput, kgNyr' | N,O emission kg N,O yr*
kg ‘net’ N applied™ (A * B * 44/28)
Fertiliser- N 0.0125
Crop residues N 0.0125
Excretal- N deposited during | 0.020
grazing
Emission of NH; 0.010
Emission of NO, 0.010
N lost by leaching or runoff 0.025
kg ha'* Area (ha)
Cultivation of histosols 5

Table 9.3:  Spreadsheet for calculating nitric oxide emissions from cultures with
fertilisers accor ding to the smple methodology
A B
N input N emission Fertiliser-N use kg N yr? Nitric Oxide emission kg NO-N yr*
kg NO-N kg N applied™
(A* B * 30/14)
Fertiliser-N 0.003
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This spreadsheet is much less detailed because there are few data on NO emissions from soils.

Table9.4: Summary of activity statistics which may be required for the ssimple and
detailed methodologies.

Activity Statistic Source
Synthetic Fertiliser-N use By type of fertiliser for IFA (1992)

arable and grassland
Amount and N concentration of fertilised | By crop type FAO, See IPCC/OECD (1997)
crop residues
Amount and N concentration of animal By Livestock type SNAP Code 100500, Manure
excreta deposited during grazing Management
Areaof cultivated histosols FAO, See IPCC/OECD (1997)
Atmospheric emissions of NH3z and NOy ETCAE, (1997)
N lost from soils by leaching and runoff FAO, See IPCC/OECD, (1997)

10 UNCERTAINTY ESTIMATES

10.1 Ammonia

Although the processes governing the emission of NH; from fertilisers and crops are
reasonably well understood, the interactions of many biological, chemica and environmental
factors make quantitative estimates of emission rather uncertain. The main uncertainty liesin
the generalization of emissions factors, rather than the areas of crops under cultivation which
is probably accurate in most countries to better than +/- 10%. For example, the ranges of
uncertainty for Group Il emission factors in Table 4.1 are probably wider than the figures
given as emission factors for Groups | and I1l, which are included in order to avoid bias
between countries with different conditions. Overall emissions are probably no better than +/-
50% (afactor of 3).

10.2 Nitrous Oxide

The processes controlling the emission of N,O from soils are reasonably well understood.
Their interactions, and the partitioning between nitrification and denitrification, and hence
estimates of emission, have not yet been accurately modelled. Application of fertiliser-N, in
most countries, can probably be estimated to within +10%. However the magnitude of crop
residues, and their N contents are only likely to be accurate to within +25%. Wet deposition
of N may be estimated to + 20%, but dry deposition of NH; to no more than +50%
(UKRGIAN 1994). Most importantly fertiliser-N induced N,O emissions can be estimated
with a certainty of a factor of 9 (range 0.25 - 2.25% of N inputs, Bouwman 1996). The
importance of winter time N,O emissions caused by freezing and thawing has only recently
been discovered and has not been included in any of the estimates. This will create a further
large uncertainty. There will be even greater uncertainty with regard to indirect emissions of
N.O since there are fewer measurements available of N,O formation from atmospheric
deposition, or leached N.
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10.3 Nitric Oxide

Much less information is available on factors determining losses of NO from soils. While
application of fertiliser-N may be estimated with an accuracy of +10%, other factors such as
returns of N in crop residues and soil N contents may be estimated to within +25%. However,
the greatest uncertainty is over emission factors. Using data from essentially the same body of
published work, Yienger and Levy (1995) and Skiba et al. (1997) arrived a mean emission
factors almost an order of magnitude different, suggesting an uncertainty of afactor of 10.

10.4 Volatile Organic Compounds

Biogenic VOC emissions for the UK were summarized by Hewitt and Street (1992). These
ranged from 38-211 kt yr™* total VOCs. Emissions from woodlands were estimated to be 72%
of total biogenic emissions by Anastasi et al. (1991). Thus between c. 10 and 59 kt yr™* appear
to be of agricultural origin. This compares with the CORINAIR 94 estimate of only 2 kt yr™*
for SNAP Code 100100 or <2% of emission from agriculture and forestry. Thus the range of
emissions may be uncertain by a factor of 30. However the estimate for agriculture by
Anastas et al. (1991) was recognised as likely to be too large.

Hewitt and Street (1992) concluded that only c. 700 plant species, mainly from N. America,
had been investigated as isoprene or monoterprene emitters. Few of these were agricultural
crops, and quantitative data was available for only a few species. Many measurements had
been made at temperatures higher than those prevailing in N and W Europe.

11 WEAKEST ASPECTSPRIORITY AREAS FOR |IMPROVEMENT IN
CURRENT METHODOLOGY

11.1 Ammonia

A magor criticism of the present estimates is their reliance on smple fixed (%) emission
factors, given in relation to amounts of N applied. A first attempt to account for broad scale
differences between countries (based on climate and soil type) has been included here (detailed
methodology) but it is very much an empirical interpretation of the available data. More work
needs to be done in the development of mechanistic process-based models for predicting NH;
emissions from N-fertilisers and the foliage of fertilised crops, which take into account the
known physicochemical equilibria as well as interactions with biological processes to predict
net fluxes. It is well established that NH; may be exchanged with the soil surface and with
leaves via stomata and cuticular absorption/desorption as well as with decomposing leaves,
and future work needs to quantify the interactions and exchange cycles between these different
components. Studies of NH3; emissions from grazed grassand have largely been carried out in
NW-Europe. Datais needed on emissionsin warmer and drier climates,

The current estimates are limited to net emission of NH; over the year, and as such integrate
both periods of emission from cultures and deposition to them on both diurnal and seasonal
scales. Further work is needed in quantifying the temporal variability in emissions as well as
the integration of emitting surfaces and depositing surfaces for development of atmospheric
models.
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11.2 Nitrous Oxide

Current estimates of N,O emissions are aso limited by the use of fixed emission factors. More
work needs to be done in the development of process-based models that will allow greater
discrimination to be made between soils with different moisture regimes, and between areas of
different climate. Emissions of N,O per kg fertiliser-N applied, have been shown to be greater
from grassands, particularly from grazed grassands, than from arable crops (Velthof et al.
1996). Thisis caused by a combination of: soil compaction caused by the grazing animals,
localised very high N and C inputs from animal excreta; and in cooler climates grasslands tend
to be located on the wetter soils, less suitable for arable crop production. In addition the
question of differentiating between fertiliser-N sources needs to be addressed. Emissions from
organic N-fertilisers (Bouwman 1996; McTaggart et a. 1997) and anhydrous NH3 have been
shown to be larger than from solid mineral-N fertilisers. Evidence for significantly different
emissions according to N source needs to be evaluated.

Estimates of indirect emissions of N,O are dependent on accurate estimates of NH3; and N,O
emissions and N leaching and runoff. As long as uncertainties in these estimates are large,
then so too will be estimates of indirect N,O emissions. Losses of N by leaching and run off
are not necessarily directly proportional to N inputs, but depend on crop, soil, climate etc. It
would be useful therefore to be more specific in this regard.

11.3 Nitric oxide

Reliance on a simple fixed (%) emission factor in relation to the amount of N-fertiliser applied
is the mgjor weakness. No account is taken of potentialy large differences between climatic
regimes. Nor is any account taken of the potential contribution from non-fertiliser sources of
N, and from the mineralisation (and hence nitrification) of N already present in soils. There
are not enough data available to discuss the effect of grazing on NO emissions, but the
localised very high N and C inputs caused by anima excreta are likely to stimulate NO
production.

11.4 Volatile Organic Compounds

Lack of measurements of VOC emissions from agricultural vegetation is a considerable
weakness. It is unknown whether emissions are related to fertiliser-N inputs.

12 SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES

12.1 Ammonia

The simplest approach to spatially disaggregate the emissions from cultures with fertilisers is
to scale these by the distribution of total arable and fertilised grassland. In a more detailed
approach census data on the distribution of different crop types may be combined with
characteristic fertiliser inputs to each crop type, together with the overall fertiliser emissions
factor estimated from Table 4.2. Where the average N-fertiliser application to cropsis derived
from smilar national data as the fertiliser consumption, there should be a reasonable
agreement between the mapped and national total emission. However, caution is required and
spatially disaggregated estimates may need to be corrected.
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Caution is aso required to account for the possible double counting of fertiliser/foliar
emissions from grazed grassland, noted in the detailed methodology (section 5). If this effect
is to be treated in spatially disaggregating emissions, it may be considered that the emissions
from grazed grass, where this is supplied, fertilised with AN or complex fertilisers, are already
included in the grazing emissions. In this case, land-use maps of grazed grassland would be
required, in a similar way to the distribution to crop types, but here a reduced emission factor
applied to account for only emissions from ‘high emissions fertilisers. This reduced overall
emissions factor may be found by completing a version of Table 4.2 for grazed grassland, not
including emissions from AN, calcium AN or other complex fertilisers. Dividing the total NH;
emission by total N-fertiliser use, multiplied by 17/14, provides an ‘average’ % N volatilised
for grazed grassand. This can then be applied with the mapped distribution of grazed
grassland. Where only the distribution of total grasdand is available, estimates would need to
be made of the fraction that is grazed, while account of the temporal overlap of grazing and
culture emission should also be taken.

12.2 Nitrous Oxide

Direct emissions may be spatially disaggregated using census data on the distribution of
different crops together with mean fertiliser-N inputs to those crops. Data on the distribution
of organic soils (histosols) may aso be included to improve spatial disaggregation.

Information on climatic variations (temperature and rainfall) within the country should be
included. At present no standard model to do this is available. Dividing the country/region
into 3 to 4 climatic groups and dightly modifying the IPCC methodology, by increasing and
reducing the various emission factors for the individual regions may be away forward.

Indirect emissions may aso be spatialy disaggregated if spatial data is available for N
deposition and also for N leaching and runoff.

12.3 Nitric Oxide

Emissions due to N-fertiliser application may be spatially disaggregated using census data on
the distribution of different crops, together with mean fertiliser-N inputs to those crops, and
climatic information as outlined in section 12.2.

12.4 Volatile Organic Compounds

In the absence of specific data for VOC emissions from different agricultural crops, there
appearsto be little scope at present for spatially disaggregating VOC emissions.
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13 TEMPORAL DISAGGREGATION CRITERIA

13.1 Ammonia

As noted in section 11, little information is available to generadize on temporaly
disaggregating NH3; emissions from fertilisers and crops. Most of the direct emission from N-
fertiliser occurs within a month of application and, for some countries, agricultural statistics
may be available on the timing of these applications. Further crop emissions may occur
particularly during senescence of crop plants, and may account for c. 1-3 kg NHs- N per ha
emisson. A magor uncertainty with fertiliser, foliar, grazing and decomposing vegetation
emissions, is that losses are expected to vary grestly from year to year depending on
agricultural and environmental conditions.

13.2 Nitrous Oxide

Most of the direct emission from fertiliser-N occurs with a few weeks of application
(Bouwman 1996), and statistics on the timing of fertiliser-N application should be available,
for some countries at least. Some data may aso be available on the timing of crop residue
incorporation. However, until process-based models have been devel oped and validated it will
not be possible to take account of fluxes of N,O emission that take place when soil mineral N
concentrations, soil water regimes and soil temperature combine to produce favourable
conditions for denitrification.

Data will be available, for some countries at least on the tempora variation in N deposition
and N leaching and runoff.

Asfor NH3, losses may vary greatly from year to year, depending upon weather conditions.

13.3 Nitric Oxide

Losses of NO take place mainly as a consequence of nitrification. Peaks in NO emission are
therefore likely following application of NH, -based N-fertilisers, incorporation of crop
residues and tillage of soils. Data on al these should be available, for some countries at least.
At present, however there are insufficient data on NO emissions to quantify these effects.
Ultimately, as the mechanisms of NO production become better understood, climatic data may
also be utilised to assess when soil and weather conditions are favourable for nitrification, and
hence NO production. In common with NH; and N,O, emissions may vary gregtly from year
to year, depending upon weather conditions.

13.4 Volatile Organic Compounds

Emissions of VOCs are likely to differ according to crop type, crop growth stage, soil type,
cultivation and weather conditions. Some temporal disaggregation may be possible, if seasona
variations in emissions by non-agricultural plants, can be assumed to be valid for fertilised
crops.
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14 ADDITIONAL COMMENTS

Where more detailed methodologies than those described here are used by countries, a
detailed description should be given of the methodology used, and comparison made with the
results of the methodology described here.

15 SUPPLEMENTARY DOCUMENTS

The main supplementary documentation required for applying the estimates in this chapter are
details of national N-fertiliser consumption and areas of fertilised grassland that are grazed. In
addition estimates of the amounts and N concentrations of crop residues returned to the soil,
together with the area of cultivated organic soils (histosols) will be required. The approximate
timing of soil cultivation, including crop residue incorporation will also be useful. Finaly
information on deposition of NH; and NO, together with estimates of N leaching and runoff
are needed. Where disaggregated estimates are to be made, details on N application rates to
crops and spatially disaggregated crop distribution are needed.

16 VERIFICATION PROCEDURES

There are no direct methods to evaluate total inventory estimates of NH; emissions from
croplands, and verification is dependent on laboratory and micrometeorological field studies of
emissions from example situations. In particular, many studies have focused on laboratory
measurements and there is a need to provide long-term field measurements using
micrometeorological techniques to estimates NH; fluxes over arange of crop typesin different
climates.

Emissions of N,O, NO and VOCs cannot be verified except by field studies of emissions from
example situations. There is a need to obtain long-term field measurements to estimate fluxes
over arange of crop types and climates.
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89100200 CULTURESWITHOUT FERTILISERS

SNAP CODE : 100200

SOURCE ACTIVITY TITLE: Cultureswithout Fertilisers
(Unfertilised Agricultural Land)

1 ACTIVITIESINCLUDED

This chapter considers the emissions of ammonia (NHs), nitrous oxide (N,O), other oxides of
nitrogen (NOx) and volatile organic compounds (VOCs). Cultures without fertilisers are soils
cultivated for crop production and grasslands, for cutting and grazing, which are not given N-
fertiliser (e.g. legumes and grass/clover swards). This includes some grassin hill-land, which is
grazed by livestock, as well as lowland grass that only supports small numbers of animals and
does not require fertiliser-N. Emissions from the crops and their decomposing residues are
also considered. Persistent Organic Pollutants are dealt with separately under SNAP Code
100600, Use of Pesticides.

Emissions following anima manure application are considered in SNAP Code 100500,
Manure Management.

This chapter is a development of chapter ag100100 (EEA 1996) which dealt with cultures
both with and without fertilisers. Cultures with Fertilisers are now considered in chapter
100100. Reference may be made to that chapter for further discussion of some of the topics
covered here.

This chapter is comprised of the following sub-codes.

100201 Permanent Crops
100202 Arable Land Crops
100203 Rice Field

100204 Market Gardening
100205 Grasdand

100206 Fallows

In this chapter 100206 includes * Set-Aside’ Land.

2 CONTRIBUTIONSTO TOTAL EMISSIONS

The maor source of NH; emissions in Europe is volalization from livestock excreta
Ammonia may also be emitted from the application of N-fertilisers and from fertilised crops.
Emissions from unfertilised crops are usually considered to be negligible, althought there may
be some emissions from N-rich legumes.

The greatest proportion of N,O emitted by agriculture is considered to be by soil processes
following the application of N fertilisers and anima manures to land. However N,O
emissions may also take place during the breakdown of crop residues and mineralisation of
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excretal-N deposited during grazing and soil organic matter. Emission of N,O may a so occur
place following the deposition of other N compounds (NH3 and NOy) to unfertilised soils.

Soils and crops are regarded as a net sink for most NO, compounds. However NO may be
released from soils during the mineralisation of N from incorporated crop residues and soil
organic matter followed by nitrification. Only NO emissions are therefore discussed. At
present estimates of the proportion of these emissions that arise from cultures without
fertilisers are extremely uncertain.

Table 2.1: % Contribution of total emissions of the CORINAIR94 Inventory (28
Countries) from cultures without fertilisers.

SNAP code SO, NOx NMVOC CH,4 CO CO, N.O NH3

100200 - 0.2 0 14 - - 15 0.3

0 = emissions are reported, but the exact value is below the rounding limit (0.1 %).
- = no emissions are reported

As can be seen from Table 2.1, emissions of NHz, NO and VOCs are all < 1% of current total
emission estimates. These do not therefore require a methodology for calculation. However
given current uncertainties over the magnitude of emissions from unfertilised crops and grass,
some information is given in this chapter. This summarises current understanding and
uncertainties.

3 GENERAL

3.1 Description

3.1.1 Ammonia

The direct emissions of NH; that have been measured from crops have been attributed to
enrichment of the apoplast with NH," following addition of fertiliser-N (Sutton et al. 1995).
There is very little information on ammonia emissions from cultures without fertilisers.
Significant emissions are not expected from unfertilised crops (with the exception of legumes).

Crops of agricultural legumes, while not given fertiliser-N, have been estimated to fix amounts
of N as great, or greater than applied as fertiliser to agricultural crops (Sylvester-Bradley
1993). Thus emissions of NH; may be expected to be smilar to those from fertilised
agricultural crops (e.g. 0-15 kg ha''yr™, Sutton et al. 1995). Data on NHs fluxes over legume
crops are sparse. Dabney and Bouldin (1985) measured a small net emission of ¢. 2 kg ha’ yr
! NHs-N from an alfalfa crop. Harper et al. (1989) found net depositions of 0.4 - 3.1 kg ha”
yr' from soybeans. Lemon and van Houtte (1980) measured both emission and deposition
fluxes over soybeans.
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Some recent results (R. Harrison, ADAS Boxworth, pers. comm.) aso suggested no net
emission over the growing season. However in that study small (1-2 kg N ha') emissions
early in the season were balanced by deposition (2-3 kg N ha') later in the season. This
deposition may have been a consequence of grazing activity in the locality. The possibility
remains that agricultural legume crops, in predominantly arable areas, may emit small amounts
of NH;. Ammonia fluxes are also bi-directional over fertilised arable crops. These few data
suggest that, at present, only an approximate, indicative emission factor for cultivated legumes
can be made.

Measurements of NH; fluxes over unfertilised grassand have usually shown net deposition of
NH; (Sutton et al. 1993). Whitehead and Lockyer (1989) measured emissions only from grass
foliage with a high-N content where large amounts of fertiliser-N had been applied.

Ammonia emissions from unfertilised grass, grazed by livestock, have been made by Jarvis et
al. (1989 and 1991) and Ledgard et al. (1996). Jarvis et a. (1989) found annual NH; emissions
of 7 kg ha' N from a grass/clover pasture grazed by beef cattle. This was c. 4% of the
estimated N fixation by the clover (160 kg N ha* yr'), and c. 70% of NH; emissions from
grazed grassand given 210 kg ha N yr*. Jarvis et al. (1991) measured NH; emissions from
pastures grazed by sheep, including an unfertilised clover monoculture. Emissions of NH;
from the unfertilised grass/clover pasture (2kg N ha’ yr*) were less than from an unfertilised
grass field (4 kg ha' yr), whilst emissions from the pure clover pasture (11 kg N ha* yr)
were greater than from grassland given 420 kg N ha' yr*. These losses were smaller (by a
factor of 3) than from pastures grazed by cattle (Jarvis et a. 1989). Ledgard et al. (1996)
measured an annual NHz emission of 15 kg/ha from unfertilised grass/clover grazed by dairy
cattle.  There are considerable uncertainties in generalizing from these limited data
Differences in emission are likely to be the result of variation in temperature, soil type and
livestock type. In addition, if unfertilised grassland is cut and left in the field for an extended
period, decomposition may result in some emission.

3.1.2 Nitrous Oxide

The methodology adopted by the IPCC may be used to caculate emissions of N,O from
cultures without fertilisers as the sum of, i) direct soil emissions and, ii) indirect emissions.
Direct soil emissions from cultures without fertiliser may be the result of biological N fixation,
excreta of grazing animals, crop residue incorporation and soil cultivation. Indirect emissions
may arise as a consequence of atmospheric deposition of NH3 and NOy to unfertilised soils.

In soil N2O is produced predominantly by nitrification (the oxidation of ammonium (NH,") to
nitrate (NO3), and denitrification (the reduction of NO3™ to gaseous forms of N : N,O and N,).
The rate of N,O production is primarily dependent on the availability of mineral N in the soil
(Bouwman 1996). The cultivation of soils, grazing by livestock and incorporation of crop
residues are likely to increase soil mineral N concentrations and hence N,O emission (e.g.
Flessa and Beese 1995). Moreover large emissions of N,O may take place following the
thawing of frozen soils (Kaiser et a. 1997).

The magnitude of direct N,O emissions may be expected to vary with a range of soil and
environmental factors. More work is needed on partitioning of N,O production between
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nitrification and denitrification. Incorporation of N-rich (e.g. leguminous) residues into
moisture-retentive soils produces greater N,O emissions than from free-draining soils (Skiba et
al. 1992). Incorporation into warm soilsis also likely to lead to greater emissions than from
soils which are cold. Rapid crop growth, and demand for NOs-N, may be expected to reduce
N.O emissions by reducing the pool of mineral N available for denitrification. Such soil and
environmental factors are also likely to influence the magnitude of indirect N,O emissions
following atmospheric deposition of NH; and NO.

3.1.3 Nitric Oxide

Nitric oxide (NO) may be emitted from unfertilised soils as a consequence of nitrification or
denitrification. If soils are maintained above pH 5.0, NO emission is likely to be mainly from
nitrification (Remde & Conrad 1991; Skiba et al.1997). Increased nitrification is likely to
occur following soil cultivation and incorporation of crop residues. Activities such as tillage
and incorporation were considered to increase NO emissions by a factor of 4 (Skiba et al.
1997), for periods of between 1 and 3 weeks.

The main determinant of NO production in agricultural soilsis mineral N concentration (Skiba
et a 1997); which in unfertilised cultures is increased by residue incorporation and cultivation.
As afirst approximation, 0.3% of N inputs may be expected to be lost as NO, as per SNAP
Code 100100, Cultures with Fertilisers. Thus a knowledge of the available N concentration,
and mineralisation rate of crop residues, could provide an estimate of soil NO emissions
following cultivation.

However, very little data are available on emissions of NO from unfertilised soils that may be
used as a basis for compiling an inventory.

3.1.4 Volatile Organic Compounds

Volatile Organic Compounds (VOCs) are defined as “...all those organic compounds, other
than methane, which can produce photochemical oxidants by reaction with nitrogen oxides in
the presence of sunlight”.

Three categories of sources may be distinguished:

(1)  Adctivitiesthat emit VOCs by combustion or evaporation;
2 Land clearing, including burning;

3 Biogenic processes.

The primary sources in the agricultural sector are:

Q) Burning stubble and other plant wastes,

2 The use of organic solvents in pesticide production;

(3  Anaerobic degradation of livestock feed and animal excreta.

These 3 mgjor sources are dealt with elsewhere. Stubble burning in SNAP Code 100300,
emissions from burning other crop residues in SNAP Code 090700 (Open Burning of
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Agricultural Wastes). Emissions from livestock manures are included in SNAP Code 100500,
Manure Management.

The emission of some VOCs may be of benefit to plants to attract pollinating insects. While
others may be involved in interactions, be waste products or a means of losing surplus energy
(Hewitt and Street 1992). These emissions have been observed to increase when plants are
under stress.  Factors that can influence the emission of VOCs include temperative and light
intensity, plant growth stage, water stress, air pollution and senescence (Hewitt and Street
1992). Emissions of VOCs from plants have usualy been associated with woodlands (KTnig
et a. 1996). Hewitt and Street (1992) took qualitative measurements of the maor grass and
crop species in the UK (except for barley, Hordeum vulgare). None of the grass species were
found to emit isoprene or terpenes. The only crop species producing any significant emissions
was blackcurrant (Ribes nigrum). However, these workers warned against classifying plants
as ‘non-emitters’ on the basis of limited measurements, as plant growth stage had been shown
to be an important factor in emission.

Hewitt and Street (1992) concluded that only c. 700 plant species, mainly from N. America,
had been investigated as isoprene or monoterpene emitters. Few of these were agricultural
crops, and quantitative data was available for only a few species. Many measurements had
been made at temperatures higher than those prevailing in N and W Europe.

3.2 Definitions

Animal Manures. Animal excreta deposited in houses and on yards, collected, either with
bedding or without, to be applied to land.

Livestock excreta. Animal excreta deposited at any time, including while grazing.

Unfertilised agricultural grassand. Grassand, to be used for either cutting grass for
conservation, grazing or both, to which synthetic N-fertilisers have not been applied.
Phosphorus or potassium fertilisers may be used.

Crop residues.The unharvested parts of crops that are left on the field and ultimately
incorporated into the soil.

Hill Land. grassland in the hills or uplands that is used for grazing agricultural livestock.

3.3 Controls

3.3.1 Ammonia

No measures have so far been proposed to reduce NH; emissions from cultures without
fertilisers. There are some possible suggestions. The area of legumes could be reduced.
however the consequence may be an increase in the area of crops requiring fertiliser-N.
Ammonia emissions from these may not be less than from legumes. Pure clover pastures may
be replaced by mixed grass/clover. This is unlikely to be of much practical significance, as
pure clover pastures are uncommon.
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3.3.2 Nitrous Oxide

Nitrous oxide emissions may arise following the incorporation of N-rich crop residues into
warm moist soil. A control technique may, therefore, be to avoid incorporating residues in
late summer/early autumn and delaying incorporation until late autumn where succeeding
crops are to be sown before the onset of winter. Thiswill aso have the advantage of reducing
the potentia for NOs™ leaching. However leaving N-rich crop residues (e.g. from legumes) on
the soil surface will probably give rise to NH; emissions as they senesce.

3.3.3 Nitric Oxide

In view of the limited information on the loss of NO from unfertilised soils, no specific control
measures are proposed at this stage. However, any measure that reduces mineral N production
and input to the soil, as discussed in section 3.3.2, will aso reduce loss of NO.

3.3.4 Volatile Organic Compounds

To reduce emissions of VOCs, crop residues should be removed from the field (to be used for
animal feed and bedding) rather than be disposed of by burning.

4 SIMPLER METHODOLOGY

4.1 Ammonia

Since legumes are the only arable crops regarded as sources of NH; in cultures without
fertilisers, a simple estimate of NH3; emissions may be made by multiplying the known area of
legumes with an estimated emission factor of 1 kg ha* yr™.

The following emission factors (kg NHs-N ha* yr) are proposed for al unfertilised pastures
grazed by cattle, and for lowland pastures grazed by sheep :

Grass/clover, Cattle 7, Sheep 2;
Unfertilised grass, Cattle 4, Sheep 4.

These emission factors are taken from studies of grazing emissions by Jarvis et al. (1989 and
1991). Greater emission factors from unfertilised grass than from grass/clover swards, may
appear contrary to expectations. Jarvis et d. (1991) were unable to fully explain this
observation, but suggested the different crop canopy structure of grass/clover pastures might
reduce NH; losses.

The use of the above factors also gives greater apparent NH3; emissions than are estimated by
additions of fertiliser-N of up to c. 200kg N ha™ in Chapter 100100, Cultures with fertilisers.
These anomalies emphasise the lack of data available on NH; emissions from unfertilised,
grazed grass, and hence the uncertainty of this component of the Emission Inventory.

Hill-land grass grazed by sheep, is not regarded as a net source of NH; emission over the year
(e.g. Sutton et a.1993).
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4.2 Nitrous Oxide

Following the IPCC methodology (IPCC/OECD 1997), N,O emissons from unfertilised
agricultural soils may be calculated as the sum of:

i direct soil emissions (1.25% of N inputs are emitted as N,O-N); (where N inputs are
from biological N fixation and crop residues). See IPCC Worksheet 4-5, sheet 1;

ii. direct N,O emissions from cultivation of histosols (IPCC Worksheet 4-5, sheet 2);

ii. direct soil emissions (2% of N inputs) from grazing animals (IPCC Worksheet 4-5,
sheet 3);

iv. indirect emissions following deposition of NH; and NO, (1% of N is subsequently re-
emitted as N,O), or leaching and run-off (2.5% of N leached or run-off, IPCC
Worksheet 4-5, sheets 4 and 5).

These input data can be estimated from FAO data (see IPCC/OECD 1997) (Table 4.1).

The default emission factors for the above are given in Table 4.2. More detall may be
obtained from IPCC Worksheet 4-5, sheets 1-5.

Prior to estimation of direct N,O emissions, excretal N returns are reduced by 20% to allow
for N lost as NHs. Information on N excretion by livestock is given in SNAP Code 100500,
Manure Management. However those values, may be an overestimate for unfertilised grass as
they are averages across a range of production systems and both fertilised and unfertilised
grassland.

The N,O emission may be calculated as :

FN,O-N =0.0125 * ‘net’ N inputs+ 0.02* ‘net’ N inputs from grazing (1)
+ 0.01 * (NH3 + NOy-N emissions to atmosphere) + 0.025 * N (leached and/or run off)

where units are generally expressed as kg N ha* yr™.

In the case of organic soils (histosols) an additional emission of 5kg N ha*yr™ is added (Table
4.2).
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Table4.1: Summary of IPCC source categories (IPCC Guiddines for National Greenhouse Gas
Inventories, Volume 2: Workbook, 1997) to be reported as CORINAIR sub-sectors

for agriculture.

CORINAIR SUB-
SECTOR (snap code)

IPCC N,O SOURCE (IPCC WORKBOOK WORKSHEET

Cultures with/without
fertilisers (100100.100200)

Direct soil emission due to N-inputs excluding manure (4-5, sheet 1,
excluding animal waste F,)

Direct soil emissions due to histosol cultivation (4-5, sheet 2)

Direct soil emissions from grazing animals; pasture, range & paddock (4-
5, sheet 3)

Indirect emissions due NH3 and NO, emissions from synthetic fertiliser
use and grazing animals (4-5, sheet 4, excluding animal waste used as
fertiliser)

Indirect emissions due N leaching/runoff from synthetic fertiliser use and
grazing animals (4-5, sheet 5, excluding animal waste used as fertiliser

Manure Management
(100500)

Manure management: 6 waste management systems (4-1, sheet 2,
excluding pasture, range & paddock)

Direct soil emissions due to manure N-inputs excluding grazing animals
(4-5, sheet 1, row for animal waste Faw only)

Indirect emissions due NH; and NO, emissions from anima waste
excluding grazing animals (4-5, sheet 4, animal waste used as fertiliser
only)

Indirect emissions due N leaching/runoff from animal

waste excluding grazing animas (4-5, sheet 5, animal waste used as
fertiliser only)

The default values used by IPCC (IPCC/OECD 1997) for the above are given in Table 4.2.

The IPCC guidelines estimate direct soil emissions as a fraction of N input to soils, excluding
NH; emissions. This‘net’ N input is calculated for N deposited during grazing as:

‘net’ N input (kg N ha') = Excretal-N input (kg N ha') * 0.8 (2)

To calculate N,O emissions from N deposited during grazing, the ‘net’” N input is multiplied by
the emission factor 0.02 kg N,O-N per kg ‘net’ excretal N input.

FN,O (grazing) = ‘net’ grazing N input (kg N ha) * 0.02 kg N,O-N kg N input™ (3)

Discussion of the suitability of this estimate is given in 4.2 of SNAP Code 100100.

B1020-8
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Table 4.2: Default emission factorsfor N,O emissions from cultures without fertiliser

SOURCE OF N,O EMISSION FACTOR

Direct soil emissions
N inputs (crop residues and biological N fixation). 0.0125 kg N,O-N kg N input™

Excretal-N deposited during grazing. 0.02 kg N,O-N kg ‘net’ N input™
Cultivation of histosols. 5 kg N,O-N ha.
Indirect emissions
Emission of NH3; and NO, 0.010kg N,O-N kg™* NH3-N and NO,-N deposited
N Leaching and runoff. 0.025 kg N,O-N kgN™* leached or lost by runoff.

Manure N inputs, other than from animals during grazing. are dealt with in SNAP Code
100500, Manure Management.

4.3 Nitric Oxide

An estimate of the amount of crop residues, together with their N concentrations, returned to
unfertilised soils, together with an estimate of excretal-N deposited during grazing would
provide estimate of NO emissions. Assuming 0.3% of the N returned to the soil is emitted as
NO.

5 DETAILED METHODOLOGY

5.1 Ammonia

To provide a more detailed methodology it would be necessary to distinguish between
different legume species.

Where data are available on the areas of legumes under cultivation and the extent of typical N
fixation by each crop type, national NH; emission from this source may be approximately
estimated as:

Legume emission = sum all legume species (0.01 * species N fixation * area of species)= (kg N ha® year™).... 4

Where information on average N fixation rates for different legume species is unavailable for a
country, 100 kg N ha' year* may be used as afirst estimate.

Further detail may be provided if estimates are available of NH; emissions from crops (e.g.
hay), or unfertilised crop residues left on the surface. The effects of different climates on NH;
emissions both from unfertilised crops, and from their residues, needs to be known. However
emissions from unfertilised cultures are likely to be small in relation to emissions from
livestock husbandry.

5.2 Nitrous Oxide

No more detailed methodology is proposed for estimating emissions of N,O. However
countries may use their own estimates for any step in the IPCC method if this will increase
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precision. In particular countries are encouraged to estimate NH; losses using the methods
described in this chapter, rather than the IPCC default values.

5.3 Nitric Oxide

Consideration of the data available suggest that NO emissions may vary substantially
according to the prevailing soil moisture regime. Temperature is also considered to have a
significant effect on NO emissions. Asthereis so little information on soil NO emissions from
cultures without fertilisers, it is not appropriate to provide a detailed methodol ogy.

6 RELEVANT ACTIVITY STATISTICS

Information is required on the areas of legumes cultivated and by crop type for the more
detailed approach, as well as the area of unfertilised grassland grazed by livestock, and an
estimate of N deposited in excreta during grazing.

Information may also be required on the amounts and N concentrations of crop residues
returned to the soil. This information may be obtained from national statistics on crop
production. The area of organic soils (histosols) under cultivation is aso useful. Findly,
information is needed on deposition of NH3z and NOy to soils.

Where spatially disaggregated inventories of unfertilised culture emissions are required
(Section 12), information on the gpatia distribution of different legume and other unfertilised
crops are required. The distribution of cultivated, but unfertilised organic soils (histosols) will
also be needed).

Table6.1: Summary of activity statistics which may be required for the smple and
detailed methodologies.

Activity Statistic Source

Amount and N concentration of crop residues | By crop type FAO, See IPCC/OECD (1997)
Amount and N concentration of animal excreta | By Livestock type SNAP Code 100500, Manure
deposited during grazing Management

Area of cultivated histosols FAO, See IPCC/OECD (1997)
Atmospheric emissions of NHz and NOy ETCAE, (1997)

N lost from soils by leaching and runoff FAO, See IPCC/OECD, (1997)

7 POINT SOURCE CRITERIA

Ammonia, N,O, NO and VOC emissions from cultures without fertilisers should be treated as
area sources.

8 EMISSION FACTORS, QUALITY CODES AND REFERENCES

The emission factors for NH; losses from cultures without fertilisers are treated as kg N ha* of
leguminous crops and grazed, unfertilised grassand. For N,O, losses are kg N,O-N kg N*
returned to the soil in crop residues and excreta deposited during grazing, or N deposited from
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the atmosphere, or lost by leaching or runoff. Losses of N,O from cultivated organic soils
(histosols) are expressed as kg N ha™.

Table8.1:  Spreadsheet for calculating nitrous oxide emissions from cultures without
fertilisersaccording to the smple methodology.

A B
N input N emissionkg | Ninput, kg N yr* | N,O emission kg N,Oyr™
(A * B* 44/28)
Crop residues N 0.0125
Excretal-N deposited during grazing
Emission of NH; 0.010
Emission of NOy 0.010
N lost by leaching or runoff 0.025
kg ha™ Area (ha)
Cultivation of histosols 5

9 SPECIES PROFILES

As with foress NMVOC emissions, biogenic emissions from grasslands consist of a wide
variety of species, including isoprene, monoterpenes (apha-pinene, beta-pinene, limonene,
etc), and ‘other’ VOC. The ‘other’ VOC (OVOC) species consist of a large number of
oxygenated compounds (alcohols, aldehydes, etc.), and have proven difficult to quantify in
atmospheric samples. Progress in quantification of OV OC from European vegetation has been
made recently (KTnig et al. 1996), athough many more measurement data will be required
before reliable attempts to inventory specific OVOC can be made.

10 UNCERTAINTY ESTIMATES

10.1 Ammonia

The main uncertainty lies in the magnitude of emission factors for unfertilised grassiand and
leguminous crops, rather than the areas of unfertilised crops under cultivation, which is
probably accurate in most countries to better than 110%. The overall uncertainty is at least a
factor of 5.

10.2 Nitrous Oxide
The processes controlling the emission of N,O from soils are reasonably well understood but
their interactions and hence estimates of emission have not yet been accurately modelled.

The magnitude of crop residues and their N contents are only likely to be accurate to within i
25%. Wet deposition of N may be estimated to i 20%, but dry deposition of NH;to no more
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than i 50% (UKRGIAN 1994). Asfor NH; the main uncertainty lies on the generalisation of
emission factors, which are perhaps greater than a factor of 5.

10.3 Nitric Oxide

Much less information is available on factors determining losses of NO from soils. (Available
N, temperature and soil moisture are likely to be the main factors). In view of the paucity of
data, the overal uncertainty is likely to be greater than a factor of 5.

10.4 Volatile Organic Compounds

Estimates of biogenic VOC emissions for the UK range from 38-211 kt yr™* total VOCs.
Between c. 10 and 59 kt yr* appear to be of agricultural origin. This compares with the
CORINAIR94 estimate of only 2 kt yr* for SNAP Code 100100 or < 2% of emission from
agriculture and forestry. Thus the emission estimates appear to be uncertain by a factor of 30.

11 WEAKEST ASPECTSPRIORITY AREAS FOR |IMPROVEMENT IN
CURRENT METHODOLOGY

11.1 Ammonia

Little data is available on NH3; emissions from leguminous crops, and it does not alow
digtinction to be made between species. Measurements of emissions from crop residues after
harvest is aso lacking. The majority of data on NH; emissions from grazed grassdand have
been made on NW Europe. Emission may be greater in drier and warmer aress, eg. S.
Europe. While more work on the development of mechanistic models, which take into
account both physicochemical and biological processes is desirable, the primary interest isin
understanding atmospheric budgets rather than in the definition of net emissions. It should aso
be recognised that there is a very large uncertainty in NH; emissions in relation to climate and
more work is necessary, in particular in Southern and Eastern European conditions.

11.2 Nitrous Oxide

Current estimates of N,O emissions are aso limited by the use of fixed emission factors. More
work needs to be done in the development of process-based models that will allow greater
discrimination to be made between soils with different moisture regimes, and between areas of
different climate. The localised very high inputs of N and C, from animal excreta, are likely to
stimulate N,O emissions.

Estimates of indirect emissions of N,O are dependent on accurate estimates of N deposition
and N leaching and runoff as long as the uncertainties in these estimates are large, then so too
will be estimates of indirect N,O emissions.

11.3 Nitric Oxide

Very little information is available on NO emissions from any of the aspects discussed

in this section. More work on NO emissions from unfertilised grassland, land cultivated with
legumes and as a result of crop incorporation is particularly desirable. Localised, very high
inputs of N and C from animal excreta, are likely to stimulate NO emissions.
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12 SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES

12.1 Ammonia

Census data on the location of unfertilised crops and grassland, and particularly the
distribution of legume crops may be used.

12.2 Nitrous Oxide

Direct emissions may be spatially disaggregated using census data on the distribution of
different unfertilised crops and grassland, together with estimates of the N returned in their
residues. Data on the distribution of cultivated, unfertilised organic soils (histosols) may also
be included to improve spatia disaggregation. Indirect emissions may also be spatially
disaggregated if spatial datais available for N deposition and aso for N leaching and run off.

12.3 Nitric Oxide

Emissions may be spatially disaggregated using census data on the distribution of different
unfertilised crops and grassland, together with estimates of N returned in their residues.

12.4 Volatile Organic Compounds

In the absence of specific data for VOC emissions from different agricultura crops, there
appearsto be little scope at present for spatially disaggregating VOC emissions.

13 TEMPORAL DISAGGREGATION CRITERIA

13.1 Ammonia

Almost no information is available to generalise on tempora disaggregation of NH3; from
unfertilised crops. Crop emissions are likely to be greatest during crop senescence and from
residues left on the soil surface. Dabney and Bouldin (1985) observed a marked seasonal
variation in NH; fluxes. Emissions were approximately in balance for most of the year, but
emissions were greater in the 10 days after the crop was cut for hay. Harper et al. (1989)
noted that absorption of NH3 took place while the soybean crop was well-supplied with water,
while emission of NH3 tool place during drought. Such losses are likely to vary greatly from
year to year depending upon environmental conditions. Emissions of NH; from grazed
grassland will largely take place while animals are grazing, although some emission is likely for
a period after the animals have left the field.

13.2 Nitrous Oxide

Some data may aso be available on the timing of incorporating crop residues. However, until
process-based models have been developed and validated it will not be possible to take
account of fluxes of N,O emission that take place when soil mineral N concentrations, soil
water regimes and soil temperature combine to produce favourable conditions for
denitrification and N,O emission by nitrification.
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Data will be available, for some countries at least, on the temporal variation in N deposition
and N leaching and run off.

Asfor NHg, losses may vary greatly from year to year, depending upon weather conditions.

13.3 Nitric Oxide

Losses of NO take place mainly as a consequence of nitrification. Peaksin NO emission are,
therefore, likely in the first 1 to 3 weeks following incorporation of crop residues and tillage of
soils. Data on all these should be available, for some countries at least. At present, however,
there is insufficient data on NO emissions to quantify these effects. Ultimately, as the
mechanisms of NO production become better understood, climatic data may also be utilised to
assess when soil and weather conditions are favourable for nitrification and hence NO
production. In common with NH; and N,O, emissions may vary greatly from year to year,
depending upon weather conditions.

13.4 Volatile Organic Compounds

Emissions of VOCs are likely to differ according to crop growth stage and weather conditions.
Some temporal disaggregation may be possible, if seasonal variations in emissions by non-
agricultural plants can be assumed to be valid for unfertilised crops.

14 ADDITIONAL COMMENTS

Where more detailed methodologies than those described here are used by countries, a
detailed description should be given of the methodology used, and comparison made to the
results of the methodology described here.

15 SUPPLEMENTARY DOCUMENTS

The main supplementary documentation required for applying the estimates in this chapter are
details of spatialy disaggregated legume crop and unfertilised grass distributions.

16 VERIFICATION PROCEDURES

There are no direct methods to evaluate total inventory estimates of NH; emissions from
unfertilised croplands, and verification is dependent on laboratory and micrometeorological
field studies of emissions from example situations. In particular, many studies have focused on
laboratory measurements and there is a need to provide long-term field measurements using
micrometeorological techniques to estimates fluxes over a range of crop types in different
climates.

Emissions of N,O, NO and VOCs cannot be verified except by field studies of emissions from
example situations. There is a need to long-term field measurements to estimate fluxes over a
range of crop types and climates.
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ag100300 STUBBLE BURNING

SNAP CODE: 100300

SOURCE SUB-SECTOR TITLE: Stubble Burning

1 ACTIVITIESINCLUDED

This chapter relates to the emissions of ammonia from stubble burning. This activity is
understood to include the burning of crop residues and wastes from cropsin situ. Emissions of
other pollutants will be provided in subsequent edition of the Guidebook

2 CONTRIBUTION TO TOTAL EMISSIONS

The contribution of agricultural crop waste burning to ammonia emissions on a European
scale is currently unknown, but is probably a relatively minor source in comparison to animal
wastes. Lee and Atkins (1994) have estimated a contribution of 135 ktonnes NH3 per year
from Western Europe.

This sub-sector is minor source of several pollutants.

Tablel: Contribution tototal emissions of the CORINAIR90 inventory (28 countries)

Sour ce-activity SNAP-code | Contribution to total emission [1%]
SO, | NOx | NMVOC | CH, CO CO, N,O NH;
Stubble Burning 100300 - 0.1 0.2 0.1 0.8 0.1

0 = emissions are reported, but the exact value is below the rounding limit (0.1 per cent)
- = no emissions are reported

3 GENERAL

Very little information exists on the nature and strength of this source of ammonia emissions.
The principal source of the ammoniais from plant nitrogen although some ammoniais likely to
originate from the soil underlying the crop wastes combusted. Most of the N from NH; is
released as NH; although some is also directly released as NH, particulate. Control of this
source is effectively be cessation of the activity, the alternative adopted in many countries
being that crop wastes and residues are ploughed in.

4 SIMPLER METHODOLOGY

The smple methodology for calculation emission is that outlined by Lee and Atkins (1994),
where an emission factor is combined with an activity statistic, i.e. the amount of residue
burnt. It is assumed in this methodology that a dry weight of straw from cereal crops is 5
tonnes per ha
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5 DETAILED METHODOLOGY

An improvement on the above can only be achieved by a prior knowledge of the dry weight
per ha yielded from a specific crop. Some crop residue statistics are provided by the
Greenhouse Gas Inventory Reference Manual, pages 4.69 - 4.73 (IPCC, 1995). The following
ratios for residue/crop product are given: wheat 1.3, barley 1.2, maize 1, oats 1.3 and rye 1.6.

6 RELEVANT ACTIVITY STATISTICS
The activity statistics is the amount (dry weight) of waste/residue combusted.

7 POINT SOURCE CRITERIA

8 EMISSION FACTORS, QUALITY AND REFERENCES

The emission factor given by Lee and Atkins (1994) is 2.4 mg NH; per gram straw (consisting
of 80% NH3 and 20% NHy,).

9 SPECIES PROFILES
This chapter covers emissions of NHz and particulate NH, only from this source.

10 CURRENT UNCERTAINTY ESTIMATES

11 WEAKEST ASPECT/PRIORITY AREAS FOR IMPROVEMENT IN CURRENT
METHODOLOGY

The weakest areain this source is the lack of data on emission factors.

12 SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES

Spatial disaggregation relies upon a knowledge of the location of crop waste/residue burning.
This may be crudely estimated from local country statistics on land-use.

13 TEMPORAL DISAGGREGATION CRITERIA

This relies upon prior knowledge of current agricultural practices, although it is likely that the
activity will take place shortly after crop harvesting.
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14 ADDITIONAL COMMENTS

Stubble burning of crop residues will aso release other gases like NH4, CO, N,O and NO.
IPCC recommends the following procedure. Starting with an estimation of the total amount of
biomass burned, total amounts of released carbon and nitrogen are calculated. The emissions
of CH,and CO are related to the total mass of carbon released and the emissions of N,O and
NOy to the total mass of nitrogen released. Details and default values are given in the
Greenhouse Gas Inventory Workbook, pages 4.22 - 4.26 (IPCC, 1995).

15 SUPPLEMENTARY DOCUMENTS

16 VERIFICATION PROCEDURES

17 REFERENCES
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ENTERIC FERMENTATION

SNAP CODE:

SOURCE SUB-SECTOR TITLE:

1 ACTIVITIESINCLUDED
Activitiesincluded are;

100401 Dairy Cows
100402 Other Cattle
100403 Ovines
100404 Fattening Pigs

100405
100406
100407

100400

Enteric Fermentation

Horses
Mules and Asses
Goats

This chapter deals with the methane emissions from anima husbandry. Two sources of
methane emission are distinguished: enteric fermentation of agricultural animals and animal
waste management. Ammonia emissions from anima husbandry is considered in chapter

B1050.

2 CONTRIBUTION TO TOTAL EMISSIONS

From the globa methane emissions about 25% originates from anima husbandry. The
remaining emissions arise from rice cultivation, natural gas and oil systems, biomass burning,
waste treatment, landfills and from animal husbandry is responsible for approximately 7% of

the global methane emissions.

Table 1: Methane emission from animal husbandry in 1990 (unitsin Tg=10° kg CH.,)

Europe World

enteric fermentation 19.6 80

- cattle 16.2 58.1
- sheep 25 7.6
animal waste management 5.9 14

- cattle 34 6.1
- swine 18 53
all methane sources 354

Source: EPA, 1994 (Tables 2-9 and 9-6)

CORINAIR 1990 provide some alternative estimates of European emissions.
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Contribution to total emissions of the CORINAIR90 inventory (28 countries)

Sour ce-activity SNAP-code | Contribution to total emission [1%]
SO, [ NOx | NMVOC | CH, CO CO, N,O NH;
Enteric fermentation 100400 - - - 20.5 - - - 0.5

0 = emissions are reported, but the exact value is below the rounding limit (0.1 per cent)
- = no emissions are reported

3 GENERAL

3.1 Description

Enteric fermentation

Methane is produced in herbivores as by-product of enteric fermentation, a digestion process
by which carbohydrates are broken down by micro-organisms into simple molecules for
absorption in the bloodstream. Both ruminant animals (like cattle and sheep) and some non-
ruminants like pigs produce methane. The amount of released methane depends on the type,
age and weight on the animal, the quality and quantity of the feed and the energy expenditure
of the animal.

Animal waste management

Methane is produced from the decomposition of organic components in animal waste. The
amount of released methane depends on the quantity of waste produced and the portion of the
waste that decomposes anaerobically. When the animal waste is store or treated as aliquid (as
in lagoons and pits) it tends to decompose anaerobically and methane can be produced. When
the waste is handled as a solid (as in stacked piles) or when it is deposited on pastures, it tends
to decompose aerobically and little or no methane is produced.

3.2 Controls

Enteric fermentation

Although the quality of the feed influences the methane emission, in practice it is difficult to
change the diet. Increasing milk production per dairy cow means more feed intake per animal,
but the amount of feed necessary for maintenance of the dairy cow remains the same. The
result is a decreasing methane emission per kg of milk produced.

Animal waste management
There are tow strategies to decrease the methane emissions from animal wastes.

First by preventing the creation of methane by frequently removing settled sludge and solid
material from the manure storage. This resultsin alow number of methane producing bacteria
in the storage.

The second method to decrease the methane emission is by creating favourable conditions for
the methane producing bacteria in the manure storage or by building a biogas plant. The
produced biogas has to be collected and can be used for different purposes (heating, producing
electricity). Thereis very little emission of methane to the atmosphere.
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4 SIMPLER METHODOLOGY

The smpler approach for estimating methane emission from animal husbandry is to use an
average emission factor per animal for each class of animal and to multiply this factor with the
number of animals counted in the annual agricultural census. For enteric fermentation and for
animal waste management Table 2 presents the recommended |PCC methane emission factors
for the different classes of animals.

5 DETAILED METHODOLOGY

With the simpler methodology default methane emission factors are used. The detailed
methodology makes use of country specific information on al the parameters involved like
feed intake of the animals, animal waste management systems, emission factors derived from
measurements, etc. Also more sub-animal categories can be used than mentioned in Table 2.
Once emissions have been calculated at whatever is determined by the national experts to be
the most appropriate level of detail, results should also be aggregated up to the minimum
standard level of information as given in Table 2. This will alow for comparability of results
among all participating countries. The data and assumptions used for finer levels of detail
should also be reported to ensure transparency and replicability of results among all
participating countries. The data and assumptions used for finer levels of detail should aso be
reported to ensure transparency and replicability of methods.

6 RELEVANT ACTIVITY STATISTICS

For the smpler methodology, data is required on anima numbers for each of the categories
listed in Table 2. The annual agricultural census can supply these data. Otherwise the statistical
information from Eurostat can be used or the FAO Production Y earbook.

For the detailed methodology, the data is required on anima numbers. Beside information is
needed for all the parameters mentioned in section 5.

7 POINT SOURCE CRITERIA
Emission from this sub-sector should be considered as area sources.

8 EMISSION FACTORS, QUALITY AND REFERENCES

The emission factors are presented in Table 2. Appropriate factors should be selected and
inserted into blank Table 3. The new table allows caculation of animal class emission factors
which are combined with animal numbers to provide total methane emissions for a country.
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Table 2: M ethane emission factorsfor ssimpler methodology
annually averaged emission in kg CH, per animal, as counted in the annual agricultural census
SNAP description enteric fermentation manur e management
code
west Europe | east Europe west Europe east Europe
cool* temper ate’ cool* temper ate’
100401 dairy cows 100 81 14 44 6 19
400402 other cattle (young cattle, beef cattle and 48 56 6 20 4 13
suckling cows)
100403 pigs (fattening pigs, sows and piglets) 15 15 3 10 4 7
100404 sheep (adults and lambs) 0.19 0.28 0.19 0.28
100405 goats (adults and kids) 0.12 0.18 0.12 0.18
100406 horses 18 18 1.39 2.08 1.39 2.08
100407 mules and asses 10 10 0.76 114 0.76 114
100408 poultry (chickens, ducks and turkeys) not estimated 0.078 0.117 0.078 0.117

'cool climate: annual average temperature less than 15E C
“temperature climate: annual average temperature between 15E C

Source: |PCC, 1995
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Table 3: Total methane emission based on methane emission factors and animal class numbers
Emission factor in kg CH, per animal, as counted in the annual agricultural census
SNAP description methane emission factors number of total methane
code animal emission
enteric manure total C*D
fermentation management A+B
A B C D E

100401 dairy cows
400402 other cattle (young cattle, beef cattle and

suckling cows)
100403 pigs (fattening pigs, sows and piglets)
100404 sheep (adults and lambs)
100405 goats (adults and kids)
100406 horses
100407 mules and asses
100408 poultry (chickens, ducks and turkeys)

TOTAL
Emission Inventory Guidebook 15 February, 1996 B1040-5
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9 SPECIES PROFILES

10 CURRENT UNCERTAINTY ESTIMATES
Uncertainties in methane emission factors are in the magnitude of 30%.

Uncertainties in animal numbers per class of animals are in the magnitude of 10%.

11 WEAKEST ASPECT/PRIORITY AREASFOR IMPROVEMENT IN CURRENT
METHODOLOGY

The simpler methodology suffices with the methane to the appropriate territorial unit on the
base of animal numbers.

12 SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES

National total emission should be disaggregated to the appropriate territorial unit on the base
of anima numbers.

13 TEMPORAL DISAGGREGATION CRITERIA

The smpler methodology suffices with the methane emissions estimate without temporal
disaggregation.

The detailed methodology should provide temporal disaggregation if data are available.

14 ADDITIONAL COMMENTS

15 SUPPLEMENTARY DOCUMENTS

No supplementary documents are needed to calculate national methane emissions, as outlined
for the smpler methodology. The scientific basis of the emission factors is described in detall
in IPCC (1995).

16 VERIFICATION PROCEDURES
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SNAP CODE : 100408
100409
100410
100411
100412
100413
100414
100415

SOURCE ACTIVITY TITLE: Laying Hens
Broilers

Other Poultry (Ducks, Geese, etc.)

Fur Animals

Sows

Camels

Buffalo

Other

A specific methodology for these activities has not been prepared because the contribution to
total national emissions is thought to be currently insignificant, i.e. less than 1% of national
emissions of any pollutant.

If you have information contrary to this please contact the expert panel leaders.

L eaders of the Agriculture Expert Panel

Leny Lekkerkerk

IKC Landbouw, Postbus 482, 6710 BL Ede, Netherlands
Tel: +31 318 67 1461

Email: L.JA.Lekkerkerk@ikc.agro.nl

Brian Pain

Institute of Grassland and Environmental Research, North Wyke Research Station,
Okehampton, Devon, EX20 2SB, UK.

Tel: +44 1837 82558

Fax: +44 1837 82139

Email: brian.pain@bbsrc.ac.uk
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SNAP CODE : 100500

SOURCE ACTIVITY TITLE: Manure Management Regarding Organic Compounds

1 ACTIVITIESINCLUDED

This chapter considers the emission of ammonia (NHz), nitrous oxide (N,O) and non-methane
volatile organic compounds (nmVOCs) from the excreta of agricultural animals deposited in
buildings and collected as either liquid durry or solid manure. This includes emissions from
animal excreta at al stages. animal housing, manure storage and from land spreading of
manures. Excreta deposited in fields by grazing animals are dealt with under SNAP Codes
1001000 (Cultures with fertilisers) and 1002000 (Cultures without fertilisers) in this
Guidebook..

VOCs include both methane and non-methane volatile organic compounds (nmVOCs).
Methane emissions from enteric fermentation and animal waste management are considered in
SNAP code 100400. Emissions from unfertilised agricultural land and land fertilised with N-
containing fertiliser are considered in SNAP codes 100200 and 100100 respectively.

The following sub-codes are included in this chapter:

100501 Dairy cows 100506 Horses
100502 Other cattle 100507 Laying hens
100503 Fattening pigs 100508 Broilers
100504 Sows 100509 Other poultry
100505 Ovines 100510 Fur animals

2 CONTRIBUTIONSTO TOTAL EMISSIONS

2.1 Ammonia

At a rough estimate 80-90% of the total ammonia emissions in Europe originates from
agricultural practices, the remainder from industrial sources, households, pet animals and
natural ecosystems. Only emissions from agricultural sources are included in this chapter.

Ammonia emissions from animal excreta contribute over 80% and those from application of
fertilisers less than 20% to the total ammonia emissions of agricultural origin in Europe in
1989 (Asman, 1992).There is, however, a wide variation from country to country and within
the main animal categories, cattle, sheep, pigs and poultry. This variation from country to
country is partly explained by the different distribution of animals over the main categories. By
using one average emission factor per main animal category country specific differences in
nitrogen excretion by livestock and differences in agricultural practices and housing systems
are not accounted for.
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2.2 Nitrous Oxide

IPCC estimates the global present-day emission of N,O-N at 14.7 (10 - 17) Tg N,O-N per
year, of which 5.7 (3.7 - 7.7) Tg N,O-N is considered due to human activities (IPCC, 1995).
Anthropogenic emissions result mainly from agricultural activities. Emissions from agricultural
soils and livestock housing amount to 3.9 (2 - 5.8) Tg N,O-N/y. Combustion of fossil fuels, in
particular for transportation, is another important source of N,O, as well as biomass burning
and industrial production of, for instance, nitric acid for synthetic fertilisers.

The revised IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 1997)
distinguish between anima waste management systems and soil emissions (both direct and
indirect) as agricultural sources of N,O. It is recognized that emissons from animal
production are considerable on a global scae. Anima waste management systems aone
account for about one-third of the agricultural emissions (Mosier et al., in press).

2.3 Non-methane volatile organic compounds (nmVOCs)

In the CORINAIR90 inventory (29 countries), emissions of nmVOCs from agriculture
account for only 2% of total nmVOC emissions; the greatest proportion (98%) is emitted by
other activities.

The contribution to total NmVOC emissions from cultures and from stubble burning is very
low (0.2% for both) and nil from enteric fermentation. Emission estimates for manure
management account for 1.6% (with 1.4% for pigs) but even this value is not of great
significance.

The estimates of the nmVOC emission for each European Country show a wide variations in
the percentage of VOC emissions attributed to agriculture, ranging from 0% to 39,8%
(Ireland).

3 GENERAL

3.1 Description

3.1.1 Ammonia

Ammonia emissions from animal husbandry occur from both housed and grazing animals but
this section deals only with emission from the housed component of animal production. In the
case of housed animals, emissions may be divided into those occurring directly from animal
houses and those associated with the subsequent storage and land spreading of animal wastes.

Ammonia emissions from livestock depend on many factors including:

- the nitrogen content of the feed;

- the conversion of nitrogen in feed to nitrogen in meat, milk and eggs and, hence, the
amount of nitrogen in the animal wastes;

- the species, age and weight of the animal;
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- the housing system of the animal, including storage of the wastes inside the building;

- the storage system of the waste outside the building: open or covered durry tank,
loose or packed pile of solid wastes;

- climatic conditions in the building and the storage system e.g. temperature;

- the proportion of time spent by animals indoors and outside e.g. at pasture.

Table 3.1 Percentage contributions of ammonia emissions of agricultural origin

Average Range for The United
contribution on individual Netherlands® | Kingdom*
European scale' countries’
Y ear 1989 1989 1990 1996
Animal excreta 83% 68 - 95% 95% 91%
- cattle 55% 21 - 83% 54% 55%
- sheep 5% 0-35% 2% 6%
- pigs 15% 0-41% 31% 11%
~ poultry 6% 0- 10% 8% 19%
Application of 17% 5-32% 5% 9%
fertiliser
2 Asman, 1992

3 Van Der Hoek, 1994
* Painetal, 1995

Ammonia emissions from animal wastes after spreading depend on:

- properties of the animal wastes including dry matter and ammoniacal nitrogen content,
viscosity and pH;

- soil properties such as pH, Cation Exchange Capacity, calcium content, water content,
buffer capacity and porosity;

- meteorological conditions including precipitation, temperature, humidity and
windspeed,;

- the method and rate of application of animal wastes, including, for arable land, the
time between application and ploughing;

- height of the crop (grassland).

In order to calculate ammonia emissions precisaly, it would be necessary to have quantitative
data on all the factors noted above. In practice, results are summarized to provide ‘average
emission factors per animal for each stage of emission for the main livestock classes and
management types. Total ammonia emissions are then scaled by the numbers of animals in
each country.

3.1.2 Nitrous Oxide

In 1995-1996 an IPCC/OECD/IEA working group developed a revised methodology for
estimating N,O emissions from agriculture (Mosier et a., in press). The methodology was
approved of by the Intergovernmental Panel on Climate Change (IPCC) and has been included
in the IPCC Guidelines for National Greenhouse Gas Inventories (IPCC/OECD/IEA, 1997).
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The IPCC Guidelines for National Greenhouse Gas Inventories provide default emission
factors for direct and indirect soil emissions and different types of animal waste management
systems (IPCC/OECD/IEA, 1997). The method aims at assessing the full nitrogen cycle,
taking into account N,O formation in agricultural soils (as a result of N inputs or soil
cultivation), anima waste management systems, as well as indirect formation of N,O after
agricultural N is emitted as NH; or NOy or leaches from the agricultura system to
groundwater and surface waters.

Nitrous oxide emissions from agricultural activities are known to be regulated by many
parameters. Specific characteristics of soils, crops, types of fertiliser, and climate largely
influence biogenic N,O formation in soils. As a result, the observed N,O fluxes from
agricultural fields show large spatial and regiona variation. However, these factors were not
included in the IPCC methodology for estimating direct N,O emission from agricultural soils
on a nationa scale, because the available data do not allow for identification of appropriate
emission factors (Bouwman, 1996). Instead, the IPCC Guidelines provide a methodology to
estimate N,O emissions as a percentage of N that is cycling through the system. The input
data needed can all be obtained from FAO databases.

The IPCC Guidelines distinguishes between emissions from domestic livestock (animal waste
management) and agricultural soils. The IPCC source categories differ from the CORINAIR
sub-sectors. This paper presents a guideline for estimating emissions for CORINAIR
subcodes, using the IPCC Guidelines for National Greenhouse Gas Inventories (Table 3.2).

Table 3.2 Summary of IPCC source categories (IPCC Guidelines for National
Greenhouse Gas Inventories, Volume 2: Workbook, 1997) to be reported as
CORINAIR sub-sectorsfor agriculture

CORINAIR SUB-SECTOR IPCC N,O SOURCE
(SNAP code) (IPCC Workbook Worksheet)
Cultures with/without | - Direct soil emissions due to N-inputs excluding manure (worksheet 4-
fertilisers (100100/100200) 5, sheet 1, excluding animal waste F,)
- Direct soil emissions due to histosol cultivation (worksheet 4-5, sheet
2)

- Direct soil emissions from grazing animals; pasture, range & paddock

(worksheet 4-5, sheet 3)

Indirect emissions due to NH; and NO, emissions from synthetic
fertiliser use and grazing animals (worksheet 4-5, sheet 4, excluding
animal waste used as fertiliser)

- Indirect emissions due to N leaching/runoff from synthetic fertiliser use
and grazing animals (worksheet 4-5, sheet 5, excluding animal waste
used as fertiliser)
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Manure Management (100500) | - Manure management: 6 waste management systems (worksheet 4-1,
sheet 2, excluding pasture, range & paddock)

Direct soil emissions due to manure N-inputs excluding grazing
animals (worksheet 4-5, sheet 1, row for animal waste F, only)

- Indirect emissions due to NH; and NO, emissions from anima waste
excluding grazing animals (worksheet 4-5, sheet 4, animal waste used
asfertiliser only)

Indirect emissions due to N leaching/runoff from anima waste
excluding grazing animals (worksheet 4-5, sheet 5, animal waste used
asfertiliser only)

Nitrous oxide emissions from manure management according to EMEP/CORINAIR
definitions include:

- emissions from livestock housing (6 animal waste management systems, but excluding
grazing animals);

- direct soil emissions due to manure-N inputs when using manure as fertiliser (but
excluding grazing animals);

- indirect emissions due to NH; and NOx emissions from animal waste, excluding N
excretion by grazing animals;

- indirect emissions due to N-leaching and runoff from animal waste, excluding N
excretion by grazing animals.

Both IPCC Guidelines and the EMEP/CORINAIR Guidebook give default values for nitrogen
excretion by livestock in kg N per animal (Table 4 in the EMEP/CORINAIR Emission
Inventory Guidebook, chapter Agriculture, Manure Management and Table 4-6 of Volume 2
of the IPCC Guidelines for National Greenhouse Gas Inventories). Countries are
recommended to use the EMEP/CORINAIR default values for nitrogen excretion by livestock
in a consistent way.

3.1.3 nmVOCs

A list of the principal nmVOCs, from the main emission sources, and a classification of the
VOCs according to their importance, is included in the protocol regarding the fight against
emissions of volatile organic compounds and their transnational flows, drafted in Geneva on
18/11/1991 during the congress on Long-Distance Transnational Atmospheric Pollution of
1979.

VOCs are defined as “all those artificial organic compounds different from methane which can
produce photochemical oxidants by reaction with nitrogen oxides in the presence of sunlight”.

The protocol classifies nmVOCs into three groups, according to their importance in the
formation of ozone episodes. Both the global quantity emitted and the VOCs reactivity with
OH-radicals are considered.

There is very little information about NnmVOCs emissions from anima manure which is
required to make quantitative estimates and identification of emission factors. However,
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because nmVOCs are responsible for odour emissions and nuisance, both the compounds in
the air of livestock buildings and in manure and the techniques to measure the odour emissions
have been investigated.

An exhaustive list of organic compounds identified in livestock buildings was compiled by
O’ Nelll and Phillips (1992) on the basis of aliterature review. The compounds most frequently
reported in these investigations, which are heavily biased towards piggeries, are p-cresol,
volatile fatty acids and phenol. Concentrations of these compounds in the air display wide
variations; e.g. the concentration of p-cresol varies from 4,6* 10° to 0,04 mg/m® and of phenol
from 2.5%10°® to 0,001 mg/m°.

An attempt to estimate quantitative gas emissions from pig housing in former West Germany
has been done by Hartung and Phillips (1994) based on concentration data for 23 trace gases
measured in piggeries. Fatty acids (acetic, propionic, i- and n-butiric, i- and n-valeric, i- and n-
hexanoic, heptanoic, octanoic and pelargonic acid), phenols and indoles (phenol, p-cresol,
indole, skatole), methylamines and other gases as acetone were measured, assuming an
average ventilation rate of 150 m*/LU*h.

3.2 Controls

3.2.1 Ammonia

There are a number of potential methods for reducing ammonia emissions. With any of these
methods, it is essential that due care is taken to ensure that any nitrogen conserved is made
available as plant fertiliser and does not cause other environmental problems such as nitrate
leaching or nitrous oxide emissions.

A wide range of control techniques are available for reducing ammonia emissions, depending
on the source type and existing management practices. The most widely used approaches
include low emission land spreading techniques and covering of durry storage tanks. Low
emission land spreading techniques include bandspreading and injection of durries and directly
ploughing in or harrowing after application to arable land. In The Netherlands, legislation
already exists for land spreading of animal wastes, which came into force in September 1991
(Bedluit Gebruik Dierlijke Meststoffen, 1991).

Where applicable, low emission techniques such as injection can give about 80% reduction in
ammonia emission on grassland, compared to surface spreading of animal wastes. However,
injection techniques are not suitable for stony or doping fields, or in al weather conditions. In
addition, deep injection of durries may increase nitrate leaching from soils if the amount of
nitrogen fertiliser is not adjusted to take account of nitrogen conserved in the manure.

For arable land, 80% reduction in ammonia emission is achievable when the wastes are
harrowed or ploughed in within 4-6 hours after application of the wastes to the soil.

Covering the durry storage tank outside the building with a tight roof decreases the emission
of ammonia by about 80%. Often cattle Surry generates a floating crust, which isless effective
in reducing the emission of anmonia (about 50% reduction of emission).
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Other control options include modified housing conditions. Examples are immediate removal
of urine in cubicle houses for cattle, keeping the temperature of stored pig manure in pig
housing below 15 °C, belt drying of manure from laying hens inside the poultry house and
drying of wastes from broilers inside the building. These techniques can give 50% or more
emission reduction but they are quite expensive and as yet no legidation has been applied to
encourage these approaches, which require careful management to be effective.

Animal feeding strategies can aso be used for reducing ammonia emissions. A better
adjustment of protein supply in the feed to the protein requirement of the animal results in a
lower nitrogen excretion. The achievable reduction of ammonia emission is lower than with
modification of the housing systems, but the associated costs are also much lower.

3.2.2 Nitrous Oxide

As described earlier, manure management may lead to N,O emissions (i) from anima waste
management systems, (ii) from agricultural soils due to use of manure as fertiliser and (iii)
indirectly, following NHz; and NO, emissions or N leaching and runoff.

Emissions from animal housing (anima waste management systems) could be reduced by
shifting towards systems having low emissions of N,O. Storage of manure at aerobic
conditions is known to result in more N,O formation than anaerobic storage of manure, as
reflected in the emission factors. It should be noted, however, that systems with low N,O
emissions may have relatively high emissions of NH; and CH,.

The amount of N,O formation in agricultural soils following some amount of N input is
difficult to reduce. Some studies show that, under specific circumstances, certain types of
fertilisers give rise to higher emissions than others. However, it is as yet not possible to
formulate general rules for fertiliser use leading to a reduction in N,O emissions. The use of
chemical inhibitors (e.g. nitrification inhibitors) have been shown to decrease N,O formation
for some time. However, it is as yet not known what the side-effects and long-term effects of
inhibitors are on agricultura and surrounding natural soils. Inhibitors are therefore not
recommended.

A reduction in emissions of NH; and NOx may reduce indirect N,O formation. However,
some techniques for reducing NH3; emissions may lead to increased N,O emissions from soils
and animal housing. For instance, injection of manure into soils instead of surface spreading
may reduce NH; emissions and related indirect N,O emissions, but increase N,O formation in
agricultural soils. Similarly, some methods for reducing NH3; emissions from animal housing
may increase N,O emissions.

The most effective way to avoid N,O formation in agriculture is, therefore, by improving the
efficiency of nitrogen use (Kroeze, 1996). This may result in areduced N input to agricultural
soils and, as a result, reduce formation of NO. In addition, it may reduce nitrogen leaching
and runoff, thus reducing indirect emissions of N,O.
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3.2.3 VOCs

Techniques which reduce ammonia and odour emissions can also be considered effective in
reducing the emission of VOCs from animal manure. Hence, in order to reduce emissions
from livestock buildings, techniques mentioned in paragraph 3.2.1 for ammonia can be applied
(e.g. immediate removal of urine from cubicles for cattle, fast removal of durry for pigs and
belt drying of manure inside the poultry houses for laying hens). Other techniques which result
in areduction of the emission of NnmV OCs are covering the surry storage outside the building,
and collecting and burning biogas which is generated is the most effective way. But also
systems aready described for reducing ammonia emissions from storage such as natural and
artificial floating crust and floating mats may give some odour reduction due to reduction of
the emission of VOCs (Mannebeck, 1986). Injection of durry is an effective way to reduce
emisson of nmVOCs during spreading (Hall, 1986). Odour emission reduction by these
methods has been measured, but these data are not directly applicable to nmVOCs.

4 SIMPLER METHODOLOGY

4.1 Ammonia

The simpler approach for estimating ammonia emissions from animal husbandry is to use an
average emission factor per animal for each class of animal and to multiply this factor by the
number of animals counted in the annual agricultural census. Table 4.1 presents the
recommended ammonia emission factors for the different classes of animals. The ammonia
emission factors are calculated for the average European farming situation, starting with an
average nitrogen excretion per anima and using a volatilization percentage for ammonia
losses in the housing and also volatilization factors for the remaining nitrogen entering the
storage outside the building and for the nitrogen available for landspreading. Appendix A
gives more details and also instructions how to account for emission control techniques.

The emission factors are calculated for one average animal which is present 365 days a year.
Due to empty housing between two production cycles in practical farming situations, the
number of animal places on a farm is higher than the average number of animals which are
present on a yearly base at a farm. The average numbers of the different animal categories are
counted by the annual agricultural census.
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Table4.1l:  Ammonia emission factors for the simpler methodology to calculate the
NHs-emission from manure management. Annually averaged emission in kg NH; per
animal, as counted in the annual agricultural census'

SNAP- code Description Animal Storage Surface Total
housing | outsidethe | spreading of emissions
housing waste
100501 Dairy cows 8.7 3.8 121 24.6
100502 Other cattle (including young cattle, 4.4 19 6.0 12.3
beef cattle and suckling cows)
100503 Fattening pigs 2.89 0.85 2.65 6.39
100504 Sows’ 7.43 2.18 6.82 16.43
100505 Sheep (sheep and goats)® 0.24 0.22 0.46
100506 Horses (horses, mules and asses) 2.9 2.2 5.1
100507 Laying hens (laying hens and parents) 0.19 0.03 0.15 0.37
100508 Broilers (broilers and parents) 0.15 0.02 0.11 0.28
100509 Other poultry (ducks, geese, turkeys) 0.48 0.06 0.38 0.92
100510 Fur animals® 0.60 1.09 1.69

! This means explicitly not per animal place or per delivered animal.
> The emission factors are calculated for female adult animals; the emissions of the young
animals are included in the given values.

See Appendix A for an explanation how these default emission factors are derived.

The ammonia emission caused by agricultural sources can be calculated by multiplying the
average number of animals by the emission factor (Table 4.2). The default ammonia emission
factors are given in Table 4.1. Every country can also use country specific factors; this can be
the situation when more precise data are available on e.g. the nitrogen excretion per animal or
the voldtilisation percentages for ammonia losses. Appendix A (Table 3A) explains the
derivation of the default ammonia emission factors, which can be helpful for calculating
country specific factors.
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Table 4.2;

Total ammonia emissions based on ammonia emission factors and animal

class numbers, for manure management. Emission factors in kg NH3; per animal, as
counted in the annual agricultural census.

Description

Ammonia emission factor

Housing

Storage

Application

Total
A+B+C

Number
of
animas

Total
ammonia
emission

D*E

A

B

C

F

100501

Dairy cows

100502

Other cattle (including young cattle, beef
cattle and suckling cows)

100503

Fattening pigs

100504

Sows (only female adult animals)

100505

Sheep (only female adult sheep and goats)

100506

Horses (horses, mules and asses)

100507

Laying hens (laying hens and parents)

100508

Broilers (broilers and parents)

100509

Other poultry (ducks, geese, turkeys)

100510

Fur animals (only female adult animals)

[TOTAL

4.2 Nitrous Oxide
Nitrous oxide emissions from manure management include (Table 3.2):

(i)
(if)
(iii)

Emissions from waste management systems,
Direct soil emissions due to manure N-inputs, excluding manure;
Indirect emissions due to manure N-inputs.

In the following paragraph reference is made to several worksheets included in the IPCC-
guidelines for National Greenhouse Gas Inventories. Worksheets 4-1 to 4-5 can be found in
Volume 2 of the Workbook of the Revised 1996 IPCC Guidelines (IPCC/OECD/IEA, 1997).

4.2.1 Emissions from waste management systems

These emissions are calculated in IPCC Worksheet 4-1, sheet 2 for 6 Animal Waste
Management Systems (AWMSs). The CORINAIR sub-sector, however, is subdivided into 10
animal categories.

Recommended methodol ogy:

N2Or

= sum (N20t awms)

NZOT,AWMS =N20awms * FRACT

FRACT

= (Nt awms * Nexr) / NeXawms

B1050-10
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where

N.Or sum of N,O emissions from animal type T in 6 Anima Waste Management
Systems (AWMS) (kg NOly)

N2Or awms N,O emissions per animal type per AWMS (kg N,Oly)

N2Oawwms N,O emissions from AWMS (from IPCC Worksheet 4-1, sheet 2) (kg
N,Oly); see Table 4.3 below for default emission factors

FRACT Fraction of manure produced in AWMS by animal type

Nt = Number of animals of type T in the country

Next = N excretion of animals of type T in the country (kg N/animally); it is
recommended to use EMEP/CORINAIR default values (see Appendix A,
Table 3A)

NeXawms = Nitrogen excretion per AWMS (kg N/y); this can be calculated following
Step 4 in Section 42 of the IPCC Workbook, while using
EMEP/CORINAIR default values for livestock N excretion (see Nexy)

T = Animal type: SNAP CODES 100501 - 100510

AWMS = Animal Waste Management System (see |PCC Worksheet 4-1, sheet 2)

4.2.2 Direct soil emissions due to manure N-inputs

Direct soil emissions induced by animal manure include emissions following use of manure as
fertiliser. Emissions induced by grazing animals are included in SNAP codes 100100 and
100200 (cultures with and without fertiliser).

Emissions resulting from use of manure as fertiliser can be found in the IPCC Workbook,
Worksheet 4-5, sheet 1 in the row "Anima Waste (Faw)". Table 4.4 below summarises default
emission factors.

4.2.3 Indirect emissions due to manure N-inputs

Indirect emissions due to manure N-inputs result from (i) atmospheric emisson and
consecutive deposition of NH3 and NOy, and (ii) leaching of manure-N from soils to ground-
and surface waters where N,O formation takes place.

In the IPCC Workbook, indirect emissions due to NH; and NOXx losses are calculated in IPCC
Worksheet 4-5, sheet 4. Only indirect emissions due to manure (excluding grazing animals)
should be reported in this CORINAIR subsection. Table 4.4 summarises default emission
factors.
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Recommended methodol ogy:

Nzo(G,M) = Nex* FRACgasu * EF4
(= IPCC Worksheet 4-5 sheet 4 column E* F* G)

where

N2Ocm) = N,O emission in the country due to NH; and NOy losses from manure (kg
N/y) [for kg N,O multiply by 44/28]

Nex = Tota N excretion by animalsin the country (kg N/y); see IPCC Worksheet
4-5, sheet 4, column D (NB: countries are recommended to use
EMEP/CORINAIR default values for livestock N excretion; see Nexr in
Chapter 4.2.1)

FRACgasw = Fraction of total nitrogen excretion that is emitted as NO, or NH3 (kg N/kg
N); see IPCC Worksheet 4-5 sheet 4, column E

EF4 = |IPCC Default Emission Factor = 0.01 (0.002 -0.02) kg N,O-N per kg

NH3-N and NO,-N emitted (IPCC Worksheet 4-5 sheet 4, column G)

Indirect emissions due to leaching are calculated in IPCC Worksheet 4-5, sheet 5, and the
manure-related part of this source can be estimated in asimilar way.

Recommended methodol ogy:

NZO(L'M) = Nex* FRACLEACH * EF5
(= IPCC Worksheet 4-5 sheet 5 column J* K * L * 10°)

where

N2O¢m = N,O emission in country due to nitrogen leaching (kg N/y) [for kg N,O
multiply by 44/28]

Nex = Tota N excretion by animalsin the country (kg N/y); see IPCC Worksheet
4-5, sheet 5 column J (NB: countries are recommended to use
EMEP/CORINAIR default values for livestock N excretion; see Nexr in
Chapter 4.2.1)

FRAC. each = Fraction of nitrogen input to soils that is lost through leaching and runoff
(kg N/kg of nitrogen applied); see IPCC Worksheet 4-5 sheet 5, column
K.

EF5 = |PCC Default Emission Factor = 0.025 (0.002 -0.12) kg N,O-N per kg N

leaching/runoff (IPCC Worksheet 4-5 sheet 5, column L)
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Table 4.3. IPCC default emission factorsfor N,O emissions from manure management

Anima Waste Management System Emission Factor
(kg N2O-N / kg N excreted) *
Anaerobic lagoon 0.001 (<0.002)
Liquid system 0.001 (<0.001)
Daily spread 0.0
Solid storage & drylot® 0.02 (0.005-0.03)
Pasture range & paddock 0.02 (0.005-0.03)
Other 0.005

! see IPCC/OECD/IEA (1997) for default method to estimate N excretion per Animal Waste
Management System
? to be included in SNAP CODE 100100/100200 (cultures with/without fertiliser)

Table 4.4. IPCC default emission factors for N,O emissions from agricultural soils that
areto bereported under SNAP CODE 100500 (manur e management)

Emission Factor

Direct soil emissions
- due to N input 0.0125 (0.0025-0.0225) kg N,O-N / kg N input*

Indirect emissions
- NH; and NOx | 0.01 (0.002-0.02) kg N,O-N per kg NHsz-N and NOx-N
deposition emitted

- N leaching and runoff 0.025 (0.002-0.12) kg N,O-N per kg N leaching/runoff

! manure (excl. NH; emissions); see IPCC/OECD/IEA (1997) for default method to estimate
N input

43 nmVOCS

Compared to the total emission of nmVOCs from other sectors the contribution from
agriculture (animal manure) seems to be negligible. At present data of nmVVOC emission from
anima manure (livestock buildings, storage and spreading) do not allow to estimate average
emission factors for these compounds. Experimental work on direct measurements to estimate
nmVOC emission factors is needed. A methodology to be investigated is to estimate the
emission of NmVOCs as a percentage of total VOCs (nmVOCs + methane), because more
data on methane emission are available.
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5 DETAILED METHODOLOGY

5.1 Ammonia

5.1.1 Introduction

It is anticipated that within the next two decades, ammonia from livestock manure will
contribute over a quarter of all acidifying, and half of al eutrophying, emissions of
amospheric pollutants in Europe (Amann et. al., 1996). In addition, the number and
heterogeneity of small sources make accurate estimation of emissions from this sector
particularly problematic. In recognition of these two factors, some considerable space in this
guidebook is devoted to the detailed methodology for ammonia emissions from manure
management. Despite the apparent complexity of the following tables, the method is easy to
use, and does not necessarily require any more input data than the simpler methodology.

While the smpler method is based on default emission factors for ammonia, the detailed
method uses a simple process-based modelling approach, based on the concept of a flow of
total ammoniacal nitrogen (TAN or mineral N) through the manure management system, as
shown in the schematic diagram in Figure 5.1. The relative volumes of flow through the
different pathways are determined by country-specific information on animal husbandry and
manure management systems, while the proportion volatilised as ammonia at each stage in the
system istreated as a percentage, based on measured values and expert judgement.

Although the simpler method also uses percentage values for ammonia emissions, there is an
important difference. In the smpler method, ammonia losses from housing and storage are
treated as a percentage of total N, while the proportion of mineral N (TAN) is introduced at
the application stage, independent of emissions from the previous stages in the system. Thisis
designed to make the best use of measured data in the form in which it is available, and within
the framework of a single path for manure transfer through the system, islogical.

However, since it is clear that different manure management systems produce very different
ammonia emissions, one of the major priorities in estimating emissions is to be able to
distinguish between different systems. The adoption of a consistent flow model based on
percentage transfers of mineral N (TAN) alows different options or pathways to be
incorporated in order to account for differences between real-world systems.

There are consequently several advantages over the simpler methodology:

Different systems are represented at each stage to account for real differences in
management systems and resulting emissions. In particular, distinctions are made
between solid and liquid waste systems at each stage.

Possible abatement measures are included as aternative systems. Measures have
already been introduced in several countries in Europe, making current emission
factors obsolete. In addition this enables efficient up-dating of emission estimates, and
the systematic calculation of possible future emission projections and scenarios.
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Due to the hierarchical structure of the models, default values equivalent to those in
the smpler method are available, so that no extra data is absolutely required.
However, where information is available, it can be used systematically to improve
emission estimates. Thisis likely to be particularly important where firm data is lacking
but informed expert opinion (e.g. an estimate of the % of dairy farms producing slurry)
may provide reasonable approximations. For data-poor areas this is probably the most
effective method of improving emission estimates.

The tables (Appendix B) can also be provided as an active MS Excel spreadsheet with
automatic calculation and error-checking.

5.1.2 Data sour ces and default values

Volatilisation rates

The volatilisation rates given in these tables were determined by reference to published
literature on measured values (e.g. ECETOC, 1994; Isermann, 1990; Klaassen, 1992), and
from discussion between a range of experts from across Europe. In particular, values have
evolved through several workshops on ammonia emissions under the UN ECE Convention on
Long-Range Transboundary Air Pollution; in Laxenburg, Austria (1991); Culham, UK (1994);
The Hague, Netherlands (1995); and Reggio Emilia, Italy (1997).

Volatilisation rates from housing and storage vary with meteorological conditions, particularly
temperature. In extreme cases it may be reasonable to adjust the rates by a small amount to
account for this effect, but in genera a uniform rate for the whole of Europe is acceptable
within the overall uncertainty in emission estimates, and is useful in establishing a consistent
and transparent methodol ogy.

Volatilisation rates from application of manure to land are more complex, and in addition to
meteorological factors, are influenced by soil type, soil moisture conditions, crop type and
condition, and others. Since spatial variations in such factors are of similar magnitude at the
micro scale as at the country scale, common values are again used for all of Europe for the
sake of consistency.

Abatement measur e efficiencies

Abatement measure efficiencies are defined as the amount by which implementation of a
measure reduces emissions from a particular stage or process compared to the unabated or
baseline situation.

The values used in the tables have been determined over the course of several workshops (as
described above) involving reference to published literature and consultation with a range of
European experts. These values have also been officially endorsed by the UN ECE Task Force
on Integrated Assessment Modelling (TFIAM) to be used in scenario modelling for the
development of abatement strategies.
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Nitrogen excretion rates

Nitrogen excretion rates vary between countries according to livestock breeds, dietary inputs,
daughter age, and other aspects of animal husbandry. Rates are generaly higher in more
intensive systems, and relationships have been observed between nitrogen excretion and milk
yield, for example (Menzi, 1997).

National estimates for several countries in Europe have been collected by questionnaire
(Cowell & ApSimon, 1996). Approximate averages from these data are used as the default
nitrogen excretion values in the main calculation tables.

Dietary manipulation may be used in some Situations to reduce nitrogen excretion and
resulting ammonia emission. Therefore, although it is not included as an abatement measure as
such, the effect of dietary manipulation can be determined by adjusting the nitrogen excretion
rate. Thiswill mainly be of use in analysing possible future abatement scenarios.

Default management systems values

Management systems data (i.e. the proportions of waste handled by different systems at each
stage in the manure management process) are the principal country-specific data for the
detailed methodology calculations. It is very important that values should be provided for
these boxes, even if this requires the use of approximations based on informed expert opinion
in the absence of specific data. The default values provided give only a general scenario as a
back-up for individual parameters where no information is available.

5.1.3 How to use the detailed methodology calculation tables

The tables to calculate the emission of ammonia according to the detailed methodology are
given in Appendix B.

One calculation table is provided for each of the 8 main SNAP sub-classes:

100501 Dairy Cows

100502 Other Cattle

100503 Fattening Pigs

100504 Sows

100505 Sheep (including Goats)
100507 Laying Hens

100508 Broilers

100509 Other Poultry

The main calculation tables are structured in rows (A to E) and columns (1 to various,
depending on livestock class), so that each box can be defined by a RowColumn reference
code (e.g. B37). Default values are provided for each box requiring input data, and values
must be calculated for the remaining boxes according to the simple equations provided in the
fina column, 'Explanation for manual calculations.

Each box in the calculation tables is defined by the following colour code:
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1. Define the specific systems in place in that country. If firm data are not available, an
estimate of the value should be made, based on informed expert opinion. If thisis not
possible, the default values provided should be used.

2. Universa data refer to values governing the physical parameters involved in ammonia
transfers through the manure management system, and are based on measured data
and expert judgement. The default values should be used except in the following
circumstances; if robust measured data from that country are available which give
different values from the defaults, these may be used, provided that detailed
explanation of the source of the data is aso documented.

3. Calculated values are derived from the universal and country-specific data according
to the equations provided in the 'Explanation for manual calculations column.

Nitrogen excretion pre-calculation tables are provided for the Other Cattle and Other Poultry
classes. This is necessary since considerable differences exist between countries in both the
relative excretion rates and the demographic structure of the different classes, and simple
aggregation can lead to considerable errors in the mean N excretion rate. Total N excretion
for each sub-class is equal to the number of animals multiplied by the N excretion per head,
and the mean annua N excretion per head is the sum of total N excretion from all sub-classes
divided by the total number of animals in all sub-classes. This value is then used as the first
input value into the main calculation tables.

The Error checking formulas at the bottom of each table provide a smple procedure to ensure
that al of the country-specific input data are complete and consistent.

5.2 Nitrous Oxide

No more detailed methodology is proposed for estimating emissions of N,O. However,
countries may use their own estimates for any step in the IPCC method if this will increase
precision. In particular countries are encouraged to estimate NH; losses and N excretion by
livestock using the methods described in this chapter, rather than the IPCC default values.

With the ssmpler methodology default ammonia emission factors are used. The detalled
methodology makes use of country specific information on all the parameters involved like
dietary information, local farming Situations and use of low emission land spreading
techniques. Volatilisation percentages can also be based on measurements of ammonia
emissions from stables, storages and land application of wastes. Also more sub-animal
categories can be used than mentioned in Table 3. Besides the ammonia emissions can be
estimated for regions within a country with equal climatic conditions or soil properties.

Once emissions have been calculated at whatever is determined by the national experts to be
the most appropriate level of detail, results should also be aggregated up to the minimum
standard level of information. This will allow for comparability of results among dll
participating countries. The data and assumptions used for finer levels of detail should also be
reported to ensure transparency and replicability of methods.
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6 RELEVANT ACTIVITY STATISTICS

6.1 Ammonia and animal numbers

For the simpler methodology, data is required on animal numbers for each of the categories
listed in Table 4.1The annual agricultural census can supply these data. Otherwise the
statistical information from Eurostat can be used or the FAO Production Y earbook.

For the detailed methodology, the same data is required on anima numbers. Beside
information is needed for al the parameters mentioned in Paragraph 5.1 (see also Appendix A
and B).

6.2 Nitrous Oxide

The IPCC Guidelines (IPCC/OECD/IEA, 1997) provide default emission factors and other
parameter values (N-excretion per animal, fraction of manure produced per anima waste
management system, amount manure-N that leaches from soils, etc.) needed to estimate N,O
emissions from manure management. The only input data needed include animal numbers for
six animal categories. These can be obtained from FAO databases.

7 POINT SOURCE CRITERIA

7.1 Ammonia
Emissions of ammonia should be considered on an area bas's.

8 EMISSION FACTORS, QUALITY CODES AND REFERENCES

8.1 Ammonia

Ammonia emissions from animal husbandry can be split up in emissions from housing, storage
of animal wastes, grazing and application of anima wastes. Table 4.1 presents for each class
of anima the default ammonia emission factors when the animal wastes are surface spread.
Using low emission techniques for application of the animal wastes results in alower emission
factor. When both application techniques are applied, the revised emission factor is calculated
by taking the weighted average of both forms of wastes application.

The (revised) emission factors are inserted into Table 4.2, a blank version of Table 4.1. The
new table calculates animal class emission factors and these are combined with animal
numbers to give total ammonia emissions for a country.
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9 SPECIES PROFILES

10 UNCERTAINTY ESTIMATES

10.1 Ammonia and animal numbers
Uncertainties in ammonia emission factors are in the magnitude of 30%.

Uncertainties in animal numbers per class of animals are in the magnitude of 10%.

10.2 Nitrous Oxide

Although the bacterial processes leading to N,O emissions (nitrification and denitrification)
are reasonably well understood, it is as yet difficult to quantify nitrification and denitrification
rates in terrestrial and aquatic systems. In addition, the observed fluxes of N,O show large
tempora and spatial variation. As a result, the estimates of national emissions of N,O from
manure management are relatively uncertain, as reflected in the ranges of the default emission
factors. Mosier et a. (in press) applied the IPCC method to the world and estimated
agricultural emissions with an uncertainty range of about a factor of 20: 1 - 19 Tg N,O-N per
year. This only reflects the uncertainty in emission factors. In addition, there is considerable
uncertainty in other factors, including N exretion by animals and amount of N leaching from
soils.

11 WEAKEST ASPECTS/PRIORITY AREAS FOR |IMPROVEMENT IN
CURRENT METHODOLOGY

11.1 Ammonia

The simpler methodology applies a single average emission factor per animal. This takes no
account of differing farming situations between countries or even in different areas of a
particular country. On the other hand differing situations with regard to soil characteristics
and temperature are also not taken into account.

The detailed methodology is based on ammonia emission factors for individual countries or
representative areas of Europe.

11.2 Nitrous Oxide

The IPCC Guidelines was developed as a methodology applicable to any world country. As
mentioned earlier, the IPCC method does not include the effects of soil type, fertiliser type,
crop or climate on N,O formation. Some European countries may, however, have access to
country-specific data, making more reliable estimates possible. In some countries studies may
have shown that country-specific conditions allow for adaptation of the emission factors. Or
countries may apply process-based models to investigate their agricultural emissions of N,O.
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11.3 nmVOCs
Lack of measurements of VOC emissions from manure management is a major weakness.

12 SPATIAL DISSAGGREGATION CRITERIA FOR AREA SOURCES

12.1 Ammonia

Considering the potential for ammonia to have local effects on ecology, ammonia emissions
estimates should be desegregated on the basis of anima husbandry data as much as possible.
In The Netherlands for example the ammonia emissions are calculated per municipality and
thereupon allotted to agrid of 5 by 5 kilometre.

12.2 Nitrous Oxide

Spatial disaggregation of emissions from anima waste management systems may be possible if
the the gspatid distribution of anima population is known. Soil maps may alow for
disaggregation of soil emissions, if the spatial variation of N inputs is known. It may be
difficult to disaggregate indirect emissions that take place at remote sites.

12.3 nmVOCs
Thereislittle scope for spatially disaggregating VOC emission due to lack of measurements.

13 TEMPORAL DISAGGREGATION CRITERIA

13.1 Ammonia

The smpler methodology suffices with the ammonia emissions estimate without temporal
desegregation.

The detailed methodology should provide temporal desegregation if data are available.

13.2 Nitrous Oxide

Process-based models will be needed to quantify N,O emissions dynamically. Soil emissions
are known to take place shortly after fertilisation. However, considerable emissions may take
place during fallow periods. Emissions from stables probably take place during all seasons.
The timing of indirect emissions may be the most difficult to estimate, since there may be a
considerable time lag between N excretion by animals and the eventual N,O formation in
aquatic systems due to N leaching and runoff.

13.3 nmVOCs

There is little scope for temporaly disaggregating VOC emissions due to lack of
measurements.
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14 ADDITIONAL COMMENTS

15 SUPPLEMENTARY DOCUMENTS

15.1 Ammonia

No supplementary documents are needed to calculate national ammonia emissions, as outlined
for the simpler methodology. The scientific basis of the emission factors calculations is briefly
reported in Appendix A (Van Der Hoek, 1997).

For the detailed methodology the documents of ECETOC (1994), the UNECE Working
Group on Technology (Haanstra, 1995) and the MARACCAS model (ApSimon et al, 1995)
can be useful.

16 VERIFICATION PROCEDURES

17 REFERENCES

Amann, M., Bertok, I., Cofaa, J., Gyarfas, F. Heyes, C., Klimont, Z. and Schépp, W. (1996)
Cost-effective control of acidification and ground-level ozone. 2nd Interim Report to the
European Commission DG-XI. I|ASA, Laxenburg, Austria.

ApSimon, H.M., D. Cowell, S. Couling, 1995. Assessing the potentia for abatement of
ammonia emissions from agriculture in Europe: the MARACCAS modd. Report in
preparation. Imperial College, London, UK.

Asman, W.A.H., 1992. Ammonia emission in Europe: updated emission and emission
variations. RIVM report 228471008. RIVM, Bilthoven, The Netherlands.

Bedluit gebruik dierlijke meststoffen, 1991. Besluit van 13 juli 1991, houdende wijziging van
het Beduit gebruik dierlijke meststoffen. Staatsblad, nummer 385, The Hague, The
Netherlands.

Bouwman A.F., 1996. Direct emissions of nitrous oxide from agricultural soils. Nutrient
Cycling in Agroecosystem 46, 53-70.

Bouwman, A.F., D.S. Lee, W.A.H. Asman, F.J. Dentener, K.W. Van Der Hoek and J.G.J.
Olivier, 1997. A global high-resolution emission inventory for ammonia. Submitted to Global
Biogeochemical Cycles.

ECETOC, 1994. Ammonia emissions to air in western Europe. Technical Report 62.
European Centre for Ecotoxicology and Toxicology of Chemicals, Brussels.

Graedel T.E. et al. (1993) - A compilation of inventories of emissions to the atmosphere.
Global Biogeochemical Cycles, vol.7, n°1, 1-26.

Emission Inventory Guidebook 1 September, 1999 B1050-21



MANURE MANAGEMENT REGARDING ORGANIC COMPOUNDS ag100500

Haanstra, H., 1995. Reduction of ammonia emissions from agricultural sources (livestock).
Discussion paper for review group of the UNECE Working Group on Technology. Ministry
of Housing, Spatial Planning and Environment, The Hague, The Netherlands.

Hartung J., Phillips V.R. (1994) - Control of gaseous emissions from livestock buildings and
manure stores. Journal of Agricultural Engineering Research, 57, 173-189.

IPCC, 1995. Climate Change 1994. Radiative Forcing of Climate Change and an Evaluation
of the IPCC 1S92 Emission Scenarios. Intergovermental Panel on Climate Change. Edited by
J.T. Houghton, L.G. MeraFilho, J. Bruce, Hoesung Lee, B.A. Callander, E. Haites, N. Harris
and K. Maskell.

IPCC/OECD/IEA, 1997. Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories. OECD, Paris. Chapters on agricultural emissions of N,O were prepared by a
Working Group: Lead authors: A. Mosier (chair), C. Kroeze (co-chair), C. Nevison, O.
Oenema, S.P. Seitzinger, O. van Cleemput. Contributors: L. Bakken, P. Bielek, S. Bogdanov,
Y. Bonduki, A.F. Bouwman, R.A. Delmas, F.J. Dentener, R. Francisco, J. Freney, S.
Frolking, P. Groffman, O. Heinemeyer, R. Karaban, L. Klemedtsson, P.A. Leffelaar, E. Lin,
K. Minami, W.J. Parton, D.C. Parashar, R. Scholes, R. Sherlock, K. Smith, H.G. van Faassen,
E. Veldkamp, G.L. Vethof, G.X. Xing

Isermann, K., 1990. Ammoniakemissonen der Landwirtschaft als Bestandteil ihrer
Stickstoffbilanz und Lésungsansdtze zur hinreichenden Minderung. In: Ammoniak in der
Umwelt, page 1.1 to 1.76. KTBL, Darmstadt-Kranichstein, Deutschland.

Kroeze C., 1996. Inventory of strategies for reducing anthropogenic emissions of N,O and
potential reduction of emissions in the Netherlands. Mitigation and Adaptation Strategies for
Global Change 1: 115-137.

Lubkert B., De Tilly S. (1989) - The OECD-map emission inventory for SO2, Nox, and VOC
in Western Europe. Atmospheric Environment, vol. 23, n°1, 3-15.

Mannebeck H. (1986) - Covering manure storing tanks to control odour. In: Odour
prevention and control of organic sludge and livestock farming, Els. Appl., Sc.Publ.London.,
188-193.

Mosier A., C. Kroeze, C. Nevison, O. Oenema and S. Seitzinger. Closing the global
atmospheric N,O budget: nitrous oxide emissions through the agricultural nitrogen cycle.
(OECD/IPCC/IEA Phase 1l Development of IPCC Guidelines for National Greenhouse Gas
Inventories). Accepted for publication in Nutrient Cycling in Agricecosystems.

O'Neill D.H., Phillips V.R. (1992) - A review of the control of odour nuisance from livestock
buildings. Part 3, Properties of the odorous substances which have been identified in livestock
wastes or in the air around them. Journal of Agricultural Engineering Research, 53, 23-50.
Pain, B. F., Van der Weerden, T. J., Chambers, B. J., Phillips, V. R. & Jarvis, S. C. (in press)
A new inventory for ammonia emissions from UK agriculture. Atmospheric Environment.

B1050-22 1 September, 1999 Emission Inventory Guidebook



ag100500 MANURE MANAGEMENT REGARDING ORGANIC COMPOUNDS

Van Der Hoek, K.W., 1994. Berekeningsmethodiek ammoniakemissie in Nederland voor de
jaren 1990, 1991 en 1992. RIVM report 773004003. RIVM, Bilthoven, The Netherlands.

Van Der Hoek, K.W., 1997. Calculation of N-excretion and NH; emisson by animal
production on European and global scale. RIVM report in preparation. RIVM, Bilthoven, The
Netherlands.

Van Der Hoek, K.W., 1997. Estimating anmonia emission factors in Europe: summary of the
work of the UNECE ammonia expert panel. Atmospheric Environment (in press).

Veldt C. (1991) - Emissions of SOx, NOx, VOC and CO from East European Countries.
Atmospheric Environment, vol. 25A, n°12, 2683-2700.

18 BIBLIOGRAPHY

19 RELEASE VERSION, DATE AND SOURCE

Version: 1

Date: 3 February 1999

Updated by: Leny Lekkerkerk, National Reference Centre for Agriculture, Ede,
The Netherlands

Contributions of : Giuseppe Bonazzi, Liliana Cortellini, Laura Vli
Centro Ricerche Produzioni Animali, Reggio Emilia, Italy;

Sue Couling, Silsoe Research Ingtitute, Silsoe, United Kingdom;

David Cowell, Imperial College of Science, Technology and Medicine,
London, Great Britain;

Klaas Van Der Hoek, RIVM, Bilthoven, The Netherlands;
Carolien Kroeze, WIMEK, Wageningen, The Netherlands;

Brian Pain, IGER North Wyke, Okehampton, Devon, UK (Chairman of
Agricultural Panel)

Original authors: Klaas Van Der Hoek, RIVM, Bilthoven, The Netherlands;
Sue Couling, Silsoe Research Ingtitute, Silsoe, United Kingdom;

Emission Inventory Guidebook 1 September, 1999 B1050-23



MANURE MANAGEMENT REGARDING ORGANIC COMPOUNDS ag100500

APPENDIX A

EXPLANATION OF THE AMMONIA EMISSION FACTORS USED IN THE
SIMPLER METHODOLOGY TO CALCULATE THE EMISSION OF AMMONIA

This appendix gives more detailed information about the default ammonia emission factors
and the categories of animals. These parameters are necessary to calculate the national
emission of ammonia by agricultural sources. The calculation starts with the average nitrogen
excretion of the animal. Ammonia losses during housing, storage of wastes outside the
building, grazing and application of wastes are calculated as a volatilisation percentage of the
‘incoming’ amount of nitrogen. This means that when for example a durry storage tank is
covered, the volatilisation percentage declines and the amount of nitrogen available for
landspreading increases and consequently the emission of ammonia during spreading aso
increases.

The volatilisation percentages for stables are derived from the Dutch ammonia emission
factors for anima housing. These emission factors are based on measurements during the
winter season for dairy cattle and during a full year for pigs and poultry. The volatilisation
percentages for slurry storage tanks and landspreading originate from research in the United
Kingdom and The Netherlands. For landspreading it is assumed that all durries and solid
wastes are spread on the field without using techniques to reduce emissions of ammonia.

The simpler methodology for calculating ammonia emissions uses default emission factors as
presented in Table 3 (Chapter 4.1). The underlying data for these ammonia emission factors
are presented in this Appendix in Table 3A. With the detailed methodology for every
parameter a country specific value can be used. When an emission reduction technique is
applied with an emission reduction for example of 80%, the corresponding volatilisation
percentage has to be multiplied with 0.2.

Number of animals

The default ammonia emission factors have to be used in relation to the average number of
animals in a certain year. This number of animals is obtained from the annual agricultural
census. This means that the number of animal places or the number of delivered animals is not
relevant in respect to the presented default emission factors. For example a farm with 100,000
animal places for broilers counts 75,000 broilers as an average number of animals. Thisis due
to a production cycle of 8 weeks, consisting of 6 weeks anima production followed by 2
weeks cleaning of the housing.

Dairy cows

The nitrogen excretion of a dairy cow depends on many factors. First of al there is a
difference in milk production (and feeding level) per dairy cow within and between the
European countries. Further the amount of nitrogen fertiliser applied to pasture varies and
hence the nitrogen content of the grass. This means that the nitrogen intake and excretion per
dairy cow aso differs within and between countries. The nitrogen excretion of 100 kg per
year is based on an European averaged milk yield of about 4500 kg milk per dairy cow per
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year and on a moderate use of fertiliser. It appears that for most countries this figure is quite
reasonable. Dairy cows in calf are considered as dairy cows.

Also the length of the grazing period varies and hence the ratio nitrogen excreted in the
pasture and nitrogen excreted in the housing. The grazing period is set at about 180 days and
the corresponding nitrogen excretion is 50 kg of nitrogen. The dairy cows however remain a
couple of hours a day in the housing for milking, so it is assumed that 20% of the excreted
nitrogen is collected in the housing. Effectively 40 kg of nitrogen are excreted in the pasture
and 60 kg in the housing.

Slurry based systems store the wastes under a datted floor inside the building and/or in Slurry
storage tanks outside the building. When all the durry is stored outside the building, there is
still a considerable emission of ammonia from the stable due to permanent presence of wastes
in the building. The ammonia losses in the storage outside the building are based on an open
storage tank that isin use for 6 months per year and as mentioned not provided with a cover.

When solid farmyard manure is produced the emission from housing is likely to be lower but
the emission from the farmyard manure pile is higher. In the smpler methodology, it is
assumed that emissions of ammonia are equal to durry based systems. However, in the
detailed methodology distinctions are made between solid and liquid waste systems.

The emissions from landspreading are based on dlurries. With solid wastes the percentage of
mineral nitrogen is lower than in durries, but in contrast to durries, there is no rapid
infiltration into the soil. It is therefore assumed that emissions from landspreading of solid
wastes are equal to durry based systems. The detailed methodology assumes differences in
ammonia emission between the two systems.

Other cattle
Thirty-six percent of European catitle are dairy cows and the remainder are categorised as
‘other cattle’. The composition of the other cattle is assumed as.

- 39% young cattle for replacement with a nitrogen excretion of 46 kg (stable 24 kg and
pasture 22 kg);

- 10% suckling cows with a nitrogen excretion of 80 kg (stable 35 kg and pasture 45
k);

- 15% beef cattle housed all year with a nitrogen excretion of 40 kg.

This results in an average annual nitrogen excretion of 50 kg pro animal, of which 30 kg in the
stable and 20 kg on pasture. The figures in Table 3A dea with durry based systems. As
indicated for dairy cows the emissions of ammonia from solid manure based systems are
supposed to be equal to Surry based systems.

Sheep

The number of sheep varies during the year due to lambing in spring. Therefore the figuresin
Table 3A are based on an ewe, including 1-1.5 adherent lambs. The combined excretion of the
ewe and lambs is 20 kg of nitrogen per year. If the number of ewes is not known from the
agricultural census, the following approach can be used. Is the agricultural census performed
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around December then about 75% of the counted sheep are ewes. For agricultural census data
around May about 50% of the counted sheep are ewes.

Hor ses, mules and asses
The figuresin Table 3A are meant as an average for adult as well as for young animals.

Pigs and poultry

As far as these animals are kept indoors, the conditions are more or less comparable over
Europe. Therefore it is assumed that for pigs and poultry the Dutch situation can be used for
the other European countries, although it is recognised that the size of pig and poultry units
differs considerably between countries.

For al animal categories in Table 3A the emission factors are calculated for use with the
number of animals counted in the agricultural census. The number of animal placesis for pigs
and poultry often 10-20% higher due to vacancy of the stable between two consecutive animal
production periods. It is important to note that the data from the agricultural census have to
be used.

For pigs liquid manure systems are assumed. The ammonia losses in the storage outside the
building are based on an open storage tank in use for 6 months per year.

Solid manure based systems maybe give less emission in the stable, but depending on the
structure of the pile, storage emissions can be higher (aloose pile gives high emissions). Total
emissions of ammonia are assumed to be the same for durry based and solid manure based
systems in the smpler methodology. According to the detailed methodology both systems
differ in ammonia emission.

Table 3A presents calculations for fattening pigs and for a sow with her piglets until 20 kg and
0.3 young sows. The nitrogen excretion of the sow and piglets is 32 kg per year and the 0.3
young sows add 4 kg of nitrogen per year. This means that the emission factors have to be
multiplied with the number of fattening pigs and sows as they are counted in the agricultural
census. If the agricultural census only gives an 'overal’ figure for pigs, then approximately
50% of the animals are fattening pigs and 10% are sows. The remainder of the animals are
piglets etc. and their emissions of ammonia are aready included in the ammonia emissions of
the sows.

About 50% of the laying hens producing eggs are kept on liquid manure systems. The
remaining laying hens, their parent animals and the broilers have solid manure based systems.
In the smpler methodology the ammonia emissions from liquid manure and solid manure
based systems are assumed to be the same.

The figures for other poultry are based on the values for turkeys.
Simpler methodology for whole animal classes

When statistical data are lacking for some animal categories as used in Tables 3 and 4 the
following approach can be applied.
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For cattle it can be assumed that approximately 36% of the herd are dairy cows and 64% are
other cattle like young cattle, beef cattle and suckling cows.

From the total number of pigs about 50% are fattening pigs (heavier than circa 20 kg) and
about 10% are sows. The remainder of the pigs are young sows and piglets and their ammonia
emissions are aready included in the emissions of the sows.

For poultry is it more complex to make a subdivision. Using a very rough estimation 45% of
the poultry are laying hens, 50% broilers and 5% other poultry. However there can be a big
variation in this subdivision from country to country.
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Table 3A. Default ammonia emission factors for manure management.

Ratio* [ kgN [ kgNH; [ Ratic® [ kgN | kg NH3
100501 Dairy cows 100502 Other cattle

N excretion in housing 60.00 30.00

Emission in housing 12% 7.20 8.7 12% 3.60 4.4

N in outside storage 52.80 26.40

Emission in outside storage 6% 3.17 3.8 6% 1.58 1.9

N available for landspreading 49.63 24.82

..... of which mineral N° 50% 24.82 50% 12.41

Emission of landspreading 40% 9.93 12.1 40% 4.96 6.0

Total anmoniaemission 28.5 14.3
100503 Fattening pigs 100504 Sows’

N excretion in housing 14.00 36.00

Emission in housing 17% 2.38 2.89 17% 6.12 7.43

N in outside storage 11.62 29.88

Emission in outside storage 6% 0.70 0.85 6% 1.79 2.18

N available for landspreading 10.92 28.09

..... of which mineral N? 50% 5.46 50% 14.04

Emission of landspreading 40% 2.18 2.65 40% 5.62 6.82

Total anmoniaemission 6.39 16.43
100505 Sheep® 100506 Horses

N excretion in housing 2.00 20.00

Emission in housing 10% 0.20 0.24 12% 240 29

N in outside storage 1.80 17.60

N available for landspreading 1.80 17.60

.... of which mineral N? 20% 0.36 20% 3.52

Emission of landspreading 50% 0.18 0.22 50% 1.76 2.2

Total anmoniaemission 1.34 8.0
100507 Laying hens 100508 Broilers

N excretion in housing 0.80 0.60

Emission in housing 20% 0.16 0.19 20% 0.12 0.15

N in outside storage 0.64 0.48

Emission in outside storage 1% 0.03 0.03 3% 0.01 0.02

N available for landspreading 0.61 0.47

.... of which mineral N° 40% 0.25 40% 0.19

Emission of landspreading 50% 0.12 0.15 50% 0.09 0.11

Total anmoniaemission 0.37 0.28
100509 Other poultry 100510 Fur animals®

N excretion in housing 2.00 4.10

Emission in housing 20% 0.40 0.48 12% 0.49 0.60

N in outside storage 1.60 3.61

Emission in outside storage 3% 0.05 0.06

N available for landspreading 1.55 3.61

.... of which mineral N? 40% 0.62 50% 1.80

Emission of landspreading 50% 0.31 0.38 50% 0.90 1.09

Total anmoniaemission 0.92 1.69

! Ratio N volatilised as NH3-N volatilised / N in animal waste

2 N in anima waste consists of mineral N (available for volatilisation) and organic N. In liquid manure
N contains about 50% mineral N; solid manure contains alower percentage of mineral N
% The values are calculated for female adult animals; the emissions of the young animals are included

in the given values
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APPENDIX B

TABLES FOR THE CALCULATION OF THE EMISSION OF AMMONIA
ACCORDING TO THE DETAILED METHODOLOGY.

Spreadshests for this calculation may be obtained from David Cowel, Imperial College of
Science, Technology and Medice, London.
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SNAP CODE : 100511

100512
100513
100514
100515

SOURCE ACTIVITY TITLE : Goats
Mules and Asses

Camels

Buffalo

Other

A specific methodology for these activities has not been prepared because the contribution to
total national emissions is thought to be currently insignificant, i.e. less than 1% of national
emissions of any pollutant.

If you have information contrary to this please contact the expert panel leaders.

L eaders of the Agriculture Expert Panel

Leny Lekkerkerk

IKC Landbouw, Postbus 482, 6710 BL Ede, Netherlands
Tel: +31 318 67 1461

Emall: L.JA.Lekkerkerk@ikc.agro.nl

Brian Pain

Institute of Grassland and Environmental Research, North Wyke Research Station,
Okehampton, Devon, EX20 2SB, UK.

Tel: +44 1837 82558

Fax: +44 1837 82139

Email: brian.pain@bbsrc.ac.uk
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SNAP CODE: 100601
SOURCE ACTIVITY TITLE: Use of Pegticides (Agriculture)
NOSE CODE: 110.06.01

1 ACTIVITIESINCLUDED

This chapter considers the emission of a selection of pesticides to air. The emission is
estimated from the agricultural use of pesticides and an emission factor. Other emission
sources (e.g. the manufacturing of pesticides or emission of imported products) are
considered to be negligible compared to emissions caused by the agricultural use of
pesticides.

The pesticides included are Aldrin, Chlordane, DDT, Dieldrin, Endrin, Heptachloor,
Hexachlorobenzene, Mirex, Toxaphene, Pentachlorophenol and Lindane. These pesticides
have been selected for the baseyear 1990. In the future other pesticides may aso be included.

2 CONTRIBUTION TO TOTAL EMISSIONS

It is estimated that > 99% of the total pesticide emissions in Europe originate from the
agricultural use of pesticides. The remainder is contributed by industrial sources, and emission
of imported crops, and is not included in this chapter. A Dutch study estimated that, on average,
25% of al pesticide used emitsto the air.

3  GENERAL
3.1 Description
Pesticide emissions from the agricultural use of pesticides are possibly influenced by:

- Theway in which apesticide is applied;

- Whether or not application takes place in closed spaces (greenhouses);

- The vapour pressure of the pesticide involved;

- The additions to the pesticides, that are used to obtain better spray results;
- The meteorological conditions during application;

- The height of the crop.

In order to calculate pesticide emissions precisaly, it would be necessary to have quantitative
data on al the factors noted above. In practice these data are not available, and even data on the
way in which pesticides are applied are scarce and mostly unreliable. Therefore, the emission
factors that are given in Table 8.1 can be considered as first estimates, assuming that application
takes place under normal field conditions (ie. no soil injection), with a standard meteorol ogy.
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3.2 Controls

There is very little known about methods that may reduce pesticide emissions. Although it is
clear that injection into the soil is very effective, it is only suitable in limited circumstances. In
addition, there might be some way of reducing the emissions when effective additives can be
found. Minera ail, for instance, is used as an additive to get a better coverage of the crop, but it
(or other compounds) may also have an effect on air emissions. In practise though there are no
additives used to reduce air emissions.

4 SIMPLER METHODOLOGY

The emission of pesticides during application in the field is by far the most important way in
which pesticides emit to the air. There are no direct pesticide emission data available for the
different countries. Therefore the emission is estimated from the use of the pesticides and an
emission factor as:

Emission = use * emission factor

Both emission and pesticide use are given in tonnelyr. Relevant activity statistics and
emission factors are given in sections 6 and 8. Methods for estimating the use of pesticides
are described below.

Methodsfor estimating the use of pesticides

The use of pesticides can be estimated using three starting points, depending upon which data
are available. It is not necessary to follow the same procedure for different pesticides for one
specific country when the required data are not available. Data do seem to be more
comparable using the same method to make estimates for the emission; however, the
uncertainties of al methods described are quite big (see section 10). Figure 4.1 (over) gives a
schematic overview of these three different methods.
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Figure4.1: Flow schemefor the calculation/estimation of the emission of pesticides

Are the usage data for the specific pesticides available ?

YES NO

1

Are data about the total use
of pesticides known?

YES NO

Usethe FAO
production statistics

CALCULATE USE /
\ 4 i

4 * EMISSION FACTOR

!

EMISSION

The three methods to estimate the emission of pesticides are described below, starting from the
most reliable data.

1 Consumption isknown for individual pesticides
The most reliable data are obtained when pesticide consumption is known.

2 Totalsof pesticide consumption are known
When there are no direct figures on pesticide consumption for an individual pesticide, the

consumption figures are derived from the total pesticide consumption figures. Thisis done
in three steps:

a  Takethe OECD data on total pesticide consumption figures. These data are available
for most countriesin Europe, split into insecticides and herbicides (see Table 6.1).

b  Taketherelative use of the specific pesticide from Table 6.2.

c Caculate the use of a specific pesticide, assuming that the relative use of the
pesticide mentioned is applicable for your country.
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Example: What is the use of Lindane in Austria?

This can be estimated in the following way:

Lindane is an insecticide and the total use of insecticides in Austria equals 500 t/yr
(Table6.1). The use of Lindane equals 5% of total insecticide use in Austria (Table 6.2);
so the Lindane use in Austriaequals. 500 t/yr * 5% = 25 t/yr

Note: It is important to realise that this method is only a tool with limitations to calculate
the use and emission of the pesticides, because of lack of data. The limitation of this
methodology can easily be illustrated by the fact that there is a significant shift in the
relative contribution of lindane to the total use of insecticides from year to year.

3 No consumption data ar e available.
When no pesticide consumption data are available, it is possible to make estimates based
on production statistics and comparison with other countries:
a Identify the main crops where the pesticides of interest (ie. those listed in table 8.1)
are being used (e.g. cereals, maize).
b  Takethetota production of the selected crop(s) from FAQO data.
C Take the total crop production for a neighbouring or economically comparable
country, where pesticide use is known or calculated, from the FAO data.
d Calculate the pesticide use, assuming it is proportional to the amount of crop
produced.
Example: What is the use of Lindane in Czechoslovakia?
Lindane is used mainly in cereals. FAO production statistics for cereals in Czechoslovakia
equals 12.626.000 Mt. In Austria (as a neighbouring country) 5.290.000 Mt of cereals was
produced, and the use of Lindane equalled 25 t/yr. So the Lindane use in Czechoslovakiais
calculated to be: (12.626.000/5.290.000) * 25 = 60 t/yr
4 Total emission
The total emission of a specific pesticide can now be calculated by multiplying the total use
(calculated as above) and the emission factor (see Section 8).
5 DETAILED METHODOLOGY
Not available.
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6 RELEVANT ACTIVITY STATISTICS

Table6.1: OECD data on the use of pesticidesin 1990

Country Insecticides Herbicides Available
Tonlyr ton/yr baseyear
Audtria 500 3053 1986
Belgium 1313 5307 1989
Canada 2262 26414 1990
Denmark 146 1426 1991
Finland 69 1375 1991
France 7096 33713 1991
Germany 1525 16957 1990
Greece 2844 3031 1989
Hungary 2806 9622 1989
Iceland 1 2 1983
Ireland 162 1097 1991
Italy 10744 10566 1989
Netherlands 745 3330 1989
Norway 19 965 1990
Poland 1065 11875 1989
Portugal 2700 5000 1989
Spain 52754 20342 1989
Turkey 10412 7191 1991
USA 79450 224730 1991
USSR 1298 12450 1985
Sweden 19 1054 1991
Switzerland 153 925 1989

Data on the relative use of pesticides are given in Table 6.2. No data are available on the use of
Toxaphene and Chlordane. Just as for the pesticides Drins, Heptachlor, DDT and Mirex use of

Toxaphene and Chlordane is forbidden in Europe and America (relative use=0).
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Table6.2: Relative use of pesticides (in % of total use of insecticides or fungicides per
country) (Berdowski et a., 1997)

Country Lindane PCP* HCB* Drins* DDT heptachlor Mirex
Audtria 5.0 411 <0.1 0 0 0 0
Belgium 2.7 2.2 <0.1 0 0 0 0
Canada 3 0.5 * 0 0 0 0
Denmark 34 05 <0.1 0 0 0 0
Finland 23 10 <0.1 0 0 0 0
France 7.0 0 <0.1 0 0 0 0
Greece 0.9 12 <0.1 0 0 0 0
Hungary 35 11 0.1 0 0 0 0
Iceland 5.0 0 <0.1 0 0 0 0
Ireland 31 11 <0.1 0 0 0 0
Italy 0.9 12 <0.1 0 0 0 0
Netherlands 4.0 05 - 0 0 0 0
Norway 32 31 <0.1 0 0 0 0
Poland 0.2 0 <0.1 0 0 0 0
Portugal 0.2 6.1 <0.1 0 0 0 0
Spain 0.2 0 <0.1 0 0 0 0
Turkey 1 12 <0.1 0 0 0 0
USA 3 05 <0.1 0 0 0 0
USSR 75 nd <0.1 0 0 0 0
Sweden 22 0 <0.1 0 0 0 0
Switzerland 0.7 8.4 <0.1 0 0 0 0
Germany 4.6 0 - 0 0 0 0

* PCP = pentachlorophenol; HCB = hexachlorobenzene; Drins= aldrin + dieldrin + endrin
nd = no data

The percentages mentioned in Table 6.2 originate from The European Emission Inventory of
Heavy Metals and Persistent Organic Pollutants. Percentages for USA, Turkey and Canada are
estimated, based on neighbouring countries or on countries lying on the same longitude. No data
are available for toxaphene and for USSR for Pentachlorophenal.

7  POINT SOURCE CRITERIA
Not applicable.

8 EMISSION FACTORS, QUALITY CODES AND REFERENCES

The emission factors are derived from the vapour pressure of the pesticides. The vapour
pressure is until now the most convenient way to begin to estimate the emission. Other
estimates may take into account Henry coefficient or other parameters but there are not enough
data available to make a more reliable estimate of the emission factors.
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The emission factors are derived from the vapour pressure according to the next schedule:

Vapour pressure mPa Emission Factor
very high > 10 0.95
high 1-10 0.50
AVERAGE 01-1 0.15
low 0.01-0.1 0.05
very low <0.01 0.01

Table 8.1 gives the estimated emission factors for the pesticides considered in this chapter.

Table8.1: Pesticides and estimated emission factors

Pesticide Type Emission Factor
Aldrin Insecticide 0.50
Chlordane Insecticide 0.95
DDT Insecticide 0.05
Diddrin Insecticide 0.15
Endrin Insecticide 0.05
Heptachl oor Insecticide 0.95
HCB (Hexachlorobenzene) Fungicide* 0.50
Mirex Insecticide 0.15
Toxaphene Insecticide 0.15
PCP (Pentachl orophenol) Fungicide* 0.95
Lindane Insecticide 0.50

* PCP and HCB are not only used in agriculture. The emission factors only apply to the
agricultural use.

Comparing these factors with former emission factors made for OSPARCOM-HELCOM-
UNECE (TNO-Report TNO-MEP-R 95/247) the values have changed. Explanation is the
more detailed classification. In the former study three different classes were distinguished,;
this methodology determines five classes.

When more recent data from Table 6.1 or 6.2 are available, other countries might have

calculated their emissions using the ‘old data’. Recalculation might be of interest.

9  SPECIESPROFILES
Not applicable
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10, 11 CURRENT UNCERTAINTY ESTIMATESAND PRIORITY AREASFOR
IMPROVEMENT IN CURRENT METHODOL OGY

Uncertainties in pesticide emissions are in the magnitude of a factor of 2 - 5. Uncertainty is
introduced by poor emission factors. There are reliable emission factors for only for a few
compounds (about 15). The emission factors for the other compounds (about 800 different
compounds are alowed in the EEC) are derived by extrapolation or from few measurements.

The other difficulty is that data on the use of pesticides are scarce and unreliable for most
countries. Though these data are sometimes available, they are not always available for research
groups. Making these figures public is an easy way to get a major improvement in the data.

12 SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES

Considering the potentia for pesticides to have loca effects on ecology, emission estimates
should be disaggregated on the basis of land use data as much as possible.

13 TEMPORAL DISSAGGREGATION CRITERIA

The methodology does not give emissions with a temporal dissaggregation, although the use
(and emission) of pesticides takes place during the growing season.

14 ADDITIONAL COMMENTS
No additional comments.

15 SUPPLEMENTARY DOCUMENTS

FAO production statistics
OECD pesticide data

16 VERIFICATION PROCEDURES
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ag100900 MANURE MANAGEMENT REGARDING NITROGEN COMPOUNDS

SNAP CODE : 100900

SOURCE ACTIVITY TITLE : Manure Management Regarding Nitrogen Compounds

A specific methodology for these activities has not been prepared yet as this is a new sub
group. It will be investigated this year.

The expert panel leaders for this sub group are listed below.

L eaders of the Agriculture Expert Panel

Leny Lekkerkerk

IKC Landbouw, Postbus 482, 6710 BL Ede, Netherlands
Tel: +31 318 67 1461

Email: L.JA.Lekkerkerk@ikc.agro.nl

Brian Pain

Institute of Grassland and Environmental Research, North Wyke Research Station,
Okehampton, Devon, EX20 2SB, UK.

Tel: +44 1837 82558

Fax: +44 1837 82139

Email: brian.pain@bbsrc.ac.uk
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