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1 Introduction
This document describes the modelling of nitrogenous field emissions. Using the nutrient contents of manure calculated by SALCAanimal, the model estimates the emissions of ammonia (NH3), nitrous oxide (N2O), and nitrogen oxides (NOx) from fertiliser application, incorporation of crop residues, and changes in soil organic matter following land use change. Nitrate leaching modelling follows a more complex procedure and is described in Online Resource 2. 
2 [bookmark: _Toc379816145][bookmark: _Toc298678065]Ammonia (NH3) emission modelling
2.1.1 Ammonia (NH3) from mineral fertilisers
The emission factors for mineral fertiliser are taken from the EMEP guidelines (EEA 2019), because this guideline is more detailed than Agrammon and therefore allows to distinguish between different types of mineral fertilisers. EEA (2019) provides factors for pH values below and above 7, because ammonia emissions are increased by ~70% on average for pH>7 (Tab. 1). Such a sharp change in the emission factor can cause a bias in some LCA studies, where a small change around a pH of 7 would lead to a sharp increase or decrease in ammonia emissions. Therefore, the EFs for low pH are applied to pH<5.5, those for high pH to pH>7.3, and in-between the EF is linearly interpolated. The thresholds of 5.5 and 7.3 are derived from (Bouwman et al. 2002).
[bookmark: _Ref376858030][bookmark: _Toc298678106]Tab. 1: Emission factors for NH3 after the application of mineral N fertiliser (EEA, 2019, 3.D Table 3-2) in function of the soil pH. We use the values for cool climates.
	 
Fertilizer type (f)
	EMEP/EEA 2019

	
	EFa
kg N/kg N
low soil pH
Applied for pH<5.5
	EFb
kg N/kg N
high soil pH
Applied for pH>7.3

	Ammonium sulphate (AS)
	0.090
	0.165

	Ammonium nitrate (AN)
	0.015
	0.032

	Calcium ammonium nitrate (CAN)
	0.008
	0.017

	Anhydrous ammonia
	0.019
	0.035

	Urea
	0.155
	0.164

	Urea ammonium nitrate (UAN)
	0.098
	0.095

	Di-ammonium phosphate (DAP)
	0.050
	0.091

	Mono-ammonium phosphate (MAP)
	0.050
	0.091

	Other complex NK, NPK fertiliser
	0.015
	0.032

	Urea ammonium sulphate (UAS)
	0.050
	0.091



The emission is calculated as follows:
	NH3min 	= 17/14 * 
	(Eq. 1)



where 
NH3min	= ammonia emission after mineral fertiliser application [kg NH3]
f	= fertiliser type (F = number of fertiliser types)
EFamin 	= emission factor on soils with pH<=5.5 [kg NH3-N/kg N] (see Tab. 1)
EFbmin 	= emission factor on soils with pH>7.3 [kg NH3-N/kg N] (see Tab. 1)
p	= linear interpolation factor
p	= 0, if pH <5.5
p	= (pH-5.5)/(7.3-5.5), if 5.5<pH≤7.3
p	= 1, if pH >7.3
Nmin	= mineral fertiliser application [kg N]
2.1.2 Ammonia (NH3) from farmyard manure
To calculate the emissions of ammonia from farmyard manure, two models can be selected in SALCA:
1. EEA/EMEP model: a Tier 2 model with the geographical scope of Europe (EEA 2019),
2. Agrammon, a Tier 3 model developed for Switzerland (Agrammon Group 2022).
The farmyard manure is calculated as a mix of all liquid manure types on the one hand and the solid manure types on the other. Therefore, the EFs for both, liquid (EFmanl [-]) and solid manure (EFmans [-]), are calculated as a weighted mean of the respective emission factors (see Online Resource 6). The total NH3 emission from manure NH3man [kg NH3] are given as:
	NH3man	= 17/14 * corrSDm 
		* (TANmanl * manl * EFmanl * corrtech
		+ TANmans * manS * EFmans * corrinc)
	(Eq. 2)


where
TANmanl	= TAN content in liquid manure [kg TAN/m3]
TANmans	= TAN content in solid manure [kg TAN/t]
manl		= amount of liquid manure applied [m3]
mans		= amount of solid manure applied [t]

17/14 is the conversion factor from N to NH3. 
Three corrections factors are applied (corrSDm, corrtech, corrinc) which are explained in the following:
A correction factor corrSDm [-] takes into account the climate conditions according to the month of application. In Agrammon, only a distinction is made between the three summer months (June-August) and the rest of the year. In order to make this correction more flexible and to take into account the actual climate conditions, a function was derived to calculate the correction in function of the saturation deficit SDm [-] in month m, which in turn is calculated from relative humidity and temperature (monthly average values):
	corrSDm = 1+0.03*(SDm/100-0.042)/0.01)
	(Eq. 3)

	SD = (1-rhm/100)*6.112*e((17.67*tempm)/(243.5+ tempm))
	(Eq. 4)


where rhm [%] is the mean relative humidity in month m, and tempm [°C] is the mean temperature in month m.
Correction factors from Agrammon are applied for:
· Liquid manure application technique (corrtech [-]): broadcaster (1.0), trailing hoses (0.7),  slurry drilling (0.3), deep injection (0.2), trailing shoes (0.5), application in the evening after 18h (0.8). A factor of 0.2 means that the emissions are reduced by 80%. (Source: Agrammon Group (2022), parameters #206-210)
· Incorporation of solid manure (corrinc [-]) with reductions up to 90% for incorporation within one hour (Tab. 2).
[bookmark: _Ref128476726]Tab. 2: Correction factors for solid manure incorporation in function of the time interval between manure application and incorporation. Source: Agrammon Group (2022), parameters #218-231.
	
	Correction factor

	Incorporation after:
	Cattle & pigs
	Poultry

	<1 hour
	0.10
	0.05

	1-4 hours
	0.30
	0.20

	4-8 hours
	0.50
	0.30

	8-24 hours
	0.65
	0.45

	24-72 hours
	0.80
	0.70

	>72 hours
	0.90
	0.90

	no incorporation
	1.00
	1.00



Following the EMEP guidelines (EEA 2019), we do not consider crop residues to be a source of NH3 emissions.
3 Nitrogen oxides (NOx, NO, NO2)
Nitrogen oxides stem mainly from the nitrification process. The importance of NOx emissions from N fertiliser and manure management is relatively small compared to other sources like NH3 or NO3. Therefore, simple emission factors are used. The emission factor for the application of mineral and organic fertiliser (including animal manure) is 0.012 kg NOx-N/kg N applied (EEA, 2019, converted from NO to N: 0.026*14/30=0.012). This factor is also applied to N excreced by grazing animals on pasture.
The emission is calculated after subtraction of the N volatilized as NH3. 
EEA (2019) expresses the emissions of NOx as NO, while in ecoinvent NOx is calculated as NO2. In order to be compatible with the latter, the emissions are converted to NO2. The conversion factor from N to NO2 is 46/14.
4 [bookmark: _Toc379816147][bookmark: _Toc298678067]Nitrous oxide (N2O)
4.1 N2O from fertilisers and crop residues
Nitrous oxide (N2O) is produced during nitrification and denitrification processes and is a very powerful greenhouse gas. For nitrous oxide we are following IPCC guidelines (IPCC 2019) Tier 2 for animal production (see Online Resource 6) and Tier 1 for crop production, however, with some modifications: 
	N2Oemf 	= 44/28 
		* (0.01 corrNrate ((Nmin + TANorg) + 0.025 (Norg – TANorg)) 
		+ 0.01 (Ncr + Nsom))
	(Eq. 5)


N2Oemf	= direct emissions of N2O from agricultural soil [kg N2O ha-1] 
Nmin	= total N in mineral fertilisers [kg N ha-1] 
TANorg	= NH4-N in organic fertilisers [kg N ha-1] (TAN = Total Ammonia Nitrogen)
Norg	=  total N in organic fertilisers [kg N ha-1] 
corrNrate	= correction factor for N application rate, see (Eq. 6 [-]
Ncr	= nitrogen contained in the crop residues [kg N ha-1]
Nsom	= nitrogen from mineralisation of soil organic matter [kg N ha-1]
We use the default EF1 from IPCC (2019) for mineral fertilisers, crop residues and soil organic matter. For organic fertilisers, however, we follow the approach of Nemecek and Ledgard (2016), since there is some evidence that organically bound N leads to lower N2O emissions than N in mineral form. The EF of 0.01 from IPCC (2019) is applied to the total ammonia nitrogen (TAN) fraction of N in organic fertilisers. For the rest of the N, which is bound in organic compounds and not easily available at short term, we apply a lower factor of 0.025. Here we use the same EFs as for grazing animals; the EF for urine is used for the TAN fraction, the EF for dung for the non-TAN fraction of N.
N2O released during decomposition of organic matter in the soil after land use change is a further source of emissions. 
Higher rates of N application tend to result in higher emissions of N2O (Bouwman et al. 2002). At higher N rates, the vegetation might not be able to take up the N quickly enough, resulting in higher rates of N2O emission. Shcherbak et al. (2014) analysed 78 studies with several levels on N application and found a non-linear response of N2O emissions. Using the relationship derived for all experiments except for outliers, a correction factor (corrNrate) can be derived as a function of the N fertiliser rate:
	corrNrate 	= 0.1*(1.036/Nfert+6.42+0.0244*Nfert)
	[bookmark: _Ref128495526](Eq. 6)



where
Nfert		= total N in fertiliser applied [kg N ha-1 year-1] = Nmin + Norg
Since the corrNrate is multiplied with the N applied, the emission is a quadratic function of Nfert. rate The correction factor equals 1 at a rate of 146 kg N/ha/year, which corresponds to typical N doses. Lower N rates lead to slightly reduced N2O emissions as compared to the IPCC default value, while higher N rates give greater emissions (Fig. 1). 
This correction factor is multiplied with the EFs for N2O for mineral and organic fertilisers except for excreta from pasture (see Online Resource 6). 

[image: ]
[bookmark: _Ref128487768]Fig. 1: Emissions of N2O from fertiliser applications with correction for the N application rate compared to the IPCC default (Tier 1).
4.2 Induced (indirect) N2O emissions
Following default values of IPCC (2019) we calculate induced emissions from redeposition of NH3 and NOx and leaching of NO3:
	N2Oind	= 0.01 * (14/17 NH3 + 14/46 NOx) + 0.011 * 14/62 NO3)
	(Eq. 7)


NH3	= losses of nitrogen in the form of ammonia [kg NH3 ha-1] 
NOx	= losses of nitrogen in the form of nitrogen oxides [kg NO2 ha-1]
NO3	= losses of nitrogen in the form of nitrate [kg NO3 ha-1]
These factors are applied to all sources of emission, including animal husbandry. However, instead of default emission fractions, we use the emissions as calculated by the SALCA model.
4.3 N loss rate
The model SALCAnitrate uses the amount of N fertilisers applied. To preserve the mass balance, the rate of gaseous losses floss [-] related to the total N content of applied fertilisers and fTANloss [-] related to the total TAN content of applied fertilisers are calculated:
	floss	= (14/17 NH3 + 14/46 NOx + 14/62 NO3)/Nfert
	(Eq. 8)

	fTANloss	= (14/17 NH3 + 14/46 NOx + 14/62 NO3)/(Ns+TANorg)
	(Eq. 9)
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