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1. Soil (nitrous oxide/N2O) emissions from crop cultivation 

 

The calculation of N2O emissions from managed soils shall follow the IPCC methodology. The 

use of disaggregated crop-specific emission factors for different environmental conditions 

(corresponding to Tier 2 of the IPCC methodology) shall be used to calculate the N2O emissions 

resulting from crop cultivation. Specific emission factors for different environmental 

conditions, soil conditions and different crops should be taken into account. Economic 

operators could use validated models to calculate those emission factors provided that the 

models take these aspects into account. In line with the IPCC guidelines [1], both direct and 

indirect N2O emissions shall be taken into account. The GNOC tool shall be used, which is 

based on the formulas below, following the naming conventions in the IPCC (2006) guidelines: 

 

Ntotal – N = N2Odirect – N2O + N2Oindirect – N 

Where: 

For mineral soils: 

 N2ODirect – N = [(FSN + FON) • EF1ij] + [FCR • EF1] 

For organic soils: 

 N2ODirect – N = [(FSN + FON) • EF1] + [FCR • EF1] + [(FOS,CG,Temp• EF2CG, Temp] + [FCROS,CG ,Trop • E2CG, Trop]; 

For both mineral and organic soils: 

 N2ODirect – N = [((FSN • FracGASF) + (FON • EracGASM) • EF4] + [(FSN +FON + FCR) • FracLeach-(H) • EF5]. 

1.1. Crop residue N input 

It must be calculated for:  

a) sugar beet, sugar cane according to IPCC (2006) Vol. 4 Chapter 11 Eq. 11.6, not 

considering below-ground residues and with the addition of N input from vignasse and 

filter cake in the case of sugar cane; 

FCR = Yield • DRY • (1-FracBurnt • Cf) • [RAG • NAG • (1 - FracRemove)] + FVF 

b) coconut and oil palm plantations applying a fixed N input based on literature as IPCC 

(2006) provides no default calculation method for standard emission factors, pursuant 

to Annex IX; 
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c) for all other crops according to IPCC (2006) Vol. 4 Chapter 11 Eq. 11.7a 11.11, 
11.12, as 

FCR = (1-FracBurnt • Cf) • AGDM • NAG • (1-FracRemove) + (AGDM + Yield • DRY) • RBG-BIO • NBG 

Where: 

N2Ototal – N = direct and indirect annual N2O–N emissions produced from managed 

soils; kg N2O–N ha-1 a-1 

N2Odirect – N = annual direct N2O–N emissions produced from managed soils; kg N2O–

N ha-1 a-1 

N2Oindirect– N = annual indirect N2O–N emissions (that is to say, the annual amount of 

N2O–N produced from atmospheric deposition of N volatilised from 

managed soils and annual amount of N2O–N produced from leaching 

and run-off of N additions to managed soils in regions where 

leaching/run-off occurs); kg N2O–N ha-1 a-1 

FSN = annual synthetic nitrogen fertiliser input; kg N ha-1 a-1 

FON = annual animal manure N applied as fertiliser; kg N ha-1 a-1 

FCR = annual amount of N in crop residues (above ground and below ground); 

kg N ha-1 a-1 

FOS,CG,Temp = annual area of managed/drained organic soils under cropland in 

temperate climate; ha-1 a-1 

FOS,CG,Trop = annual area of managed/drained organic soils under cropland in tropical 

climate; ha-1 

FracGASF = 0.10 (kg N NH3–N + NOx–N) (kg N applied)-1. Volatilisation from 

synthetic fertiliser 

FracGASM = 0.20 (kg N NH3–N + NOx–N) (kg N applied)-1. Volatilisation from all 

organic nitrogen fertilisers applied 

FracLeach-(H) = 0.30 kg N (kg N additions) -1. N losses by leaching/run-off for regions 

where leaching/run-off occurs 

EF1ij = Crop and site-specific emission factors for N2O emissions from synthetic 

fertiliser and organic N application to mineral soils (kg N2O–N (kg N 

input)-1); 

EF1 = 0.01 [kg N2O–N (kg N input) -1] 

EF2CG,Temp = 8 kg N ha-1 a-1 for temperate organic crop and grassland soils 

EF2CG,Trop = 16 kg N ha-1 a-1 for tropical organic crop and grassland soils 

EF4 = 0.01 [kg N2O–N (kg N NH3–N + NOx–N volatilised) -1] 

EF5 = 0.0075 [kg N2O–N (kg N leaching/run-off) -1] 

Yield = annual fresh yield of the crop (kg ha-1) 

DRY = dry matter fraction of harvested product [kg d.m. (kg fresh weight)-1] 

(see Table 1) 

FracBurnt = Fraction of crop area burnt annually [ha (ha)-1] 
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Cf = Combustion factor [dimensionless] (see Table 1) 

RAG = Ratio of above-ground residues, dry matter to harvested dry matter yield, 

for the crop [kg d.m. (kg d.m.)-1] (see Table 1) 

NAG = N content of above-ground residues [kg N (kg d.m.)-1] (see Table 1) 

FracRemove = Fraction of above-ground residues removed from field [kg d.m. (kg 

AGDM)-1] 

FVF = Annual amount of N in sugar cane vignasse and filter cake returned to 

the field [kg N ha-1], calculated as Yield * 0.000508. 

AG = Above-ground residue dry matter [kg d.m. ha-1] 

1.2.   Crop and site-specific emission factors for N2O emissions from synthetic fertiliser 

and organic N application 

N2O emissions from soils under agricultural use, in different agricultural fields under different 

environmental conditions and agricultural land use classes can be determined following the 

Stehfest and Bouwman (2006) statistical model (hereinafter referred to as ‘the S&B model’): 

 

Where: 

E = N2O emission (in kg N2O-N ha-1 a-1) 

ev = effect value for different drivers (see Table 2) 

The EF1ij for the biofuel crop i at location j is calculated (S&B model) as: 

EF1ij = (Efert,ij – Eunfert,ij)/Nappl,ij 

The IPCC (2006) factor (EF1) for direct N2O emissions from fertiliser input based on a global 

mean shall be replaced by the crop- and site-specific EF1ij for direct emissions from mineral 

fertiliser and manure N input, based on the crop- and site-specific EF1ij, applying the S&B 

model. 

Where: 

Efert,ij = N2O emission (in kg N2O-N ha-1 a
-1) based on S&B, where the fertiliser 

input is the actual N application rate (mineral fertiliser and manure) to the 

crop i at location j 

Eunfert,ij = N2O emission of the crop i at location j (in kg N2O-N ha-1 a
-1) based on 

S&B. The N application rate is set to 0, all the other parameters are kept the 

same. 

Nappl,ij = N input from mineral fertiliser and manure (in kg N ha-1 a-1) to the crop i 

at location j 
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Table 1 

Crop-specific parameters to calculate N input from crop residues [2] 

 

Table 2 

Constant and effect values for calculating N2O emissions from agricultural fields 
based on the S&B model 
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2. Changes compared to the previous edition 

Date Section Previous requirement Current requirement 

05.05.2025 Whole 
document 

RED II RED III 

05.05.2025 Whole 

document 

Directive 2018/2001 Directive 2018/2001 as amended by Directive 

2023/2413 

 

 

Sources: 

[1]  IPCC (2006), Vol. 4, Chapter 11: N2O emissions from managed soils, and CO2 emissions from lime and urea 

application. 

[2] Data source: JRC report ‘Definition of input data to assess GHG default emissions from biofuels in EU 

legislation’ JRC 2019 (EUR 28349 EN). https://op.europa.eu/en/publication-detail/-/publication/7d6dd4ba-720a-

11e9-9f05-01aa75ed71a1 

[3]  Nomenclature of territorial units for statistics. 
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