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11.1 INTRODUCTION 86 

No refinement 87 

11.2 N2O EMISSIONS FROM MANAGED SOILS 88 

This section has further elaboration of the methods and updates. 89 

This section presents the methods and equations for estimating total national anthropogenic emissions of N2O 90 
(direct and indirect) from managed soils. The generic equations presented here can also be used for estimating 91 
N2O within specific land-use categories or by condition-specific variables (e.g., N additions to rice paddies) if the 92 
country can disaggregate the activity data to that level (i.e., N use activity within a specific land use). 93 

Nitrous oxide is produced naturally in soils through the processes of nitrification and denitrification. Nitrification 94 
is the aerobic microbial oxidation of ammonium to nitrate, and denitrification is the anaerobic microbial reduction 95 
of nitrate to nitrogen gas (N2). Nitrous oxide is a gaseous intermediate in the reaction sequence of denitrification 96 
and a by-product of nitrification that leaks from microbial cells into the soil and ultimately into the atmosphere. 97 
One of the main controlling factors in this reaction is the availability of inorganic N in the soil. This methodology, 98 
therefore, estimates N2O emissions using human-induced net N additions to soils (e.g., synthetic or organic 99 
fertilisers, deposited manure, crop residues, sewage sludge), or of mineralisation of N in soil organic matter 100 
following drainage/management of organic soils, or cultivation/land-use change on mineral soils (e.g., Forest 101 
Land/Grassland/Settlements converted to Cropland). 102 

The emissions of N2O that result from anthropogenic N inputs or N mineralisation occur through both a direct 103 
pathway (i.e., directly from the soils to which the N is added/released), and through two indirect pathways: (i) 104 
following volatilisation of NH3 and NOx from managed soils and from fossil fuel combustion and biomass burning, 105 
and the subsequent redeposition of these gases and their products NH4

+ and NO3
- to soils and waters; and (ii) after 106 

leaching and runoff of N, mainly as NO3
-, from managed soils. The principal pathways are illustrated in Figure 107 

11.1. 108 

Direct emissions of N2O from managed soils are estimated separately from indirect emissions, though using a 109 
common set of activity data. The Tier 1 methodologies do not take into account different land cover, soil type, 110 
climatic conditions or management practices (other than specified above). Neither do they take account of any lag 111 
time for direct emissions from crop residues N, and allocate these emissions to the year in which the residues are 112 
returned to the soil. These factors are not considered for direct or (where appropriate, indirect) emissions because 113 
limited data are available to provide appropriate emission factors. Countries that have data to show that default 114 
factors are inappropriate for their country should utilise Tier 2 equations or Tier 3 approaches and include a full 115 
explanation for the values used. 116 

11.2.1 Direct N2O emissions 117 

In most soils, an increase in available N enhances nitrification and denitrification rates which then increase the 118 
production of N2O. Increases in available N can occur through human-induced N additions or change of land-use 119 
and/or management practices that mineralise soil organic N. 120 

The following N sources are included in the methodology for estimating direct N2O emissions from managed soils: 121 

 synthetic N fertilisers (FSN); 122 

 organic N applied as fertiliser (e.g., animal manure, compost, sewage sludge, rendering waste) (FON); 123 

 urine and dung N deposited on pasture, range and paddock by grazing animals (FPRP); 124 
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 N in crop residues (above-ground and below-ground), including from N-fixing crops 1 and from forages during 125 
pasture renewal 2 (FCR); 126 

 N mineralisation associated with loss of soil organic matter resulting from change of land use or management 127 
of mineral soils (FSOM); and 128 

 drainage/management of organic soils (i.e., Histosols) 3 (FOS). 129 

11.2.1.1 CHOICE OF METHOD 130 

The decision tree in Figure 11.2 provides guidance on which tier method to use. 131 

Tier 1 132 
In its most basic form, direct N2O emissions from managed soils are estimated using Equation 11.1 as follows: 133 

 134 

EQUATION 11.1 135 
DIRECT N2O EMISSIONS FROM MANAGED SOILS (TIER 1) 136 

PRPOSinputsNDirect NONNONNONNON  2222  137 
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Where: 144 

N2ODirect –N = annual direct N2O–N emissions produced from managed soils, kg N2O–N yr-1 145 

N2O–NN inputs = annual direct N2O–N emissions from N inputs to managed soils, kg N2O–N yr-1 146 

N2O–NOS  = annual direct N2O–N emissions from managed organic soils, kg N2O–N yr-1 147 

N2O–NPRP = annual direct N2O–N emissions from urine and dung inputs to grazed soils, kg N2O–N yr-1 148 

FSN  = annual amount of synthetic fertiliser N applied to soils, kg N yr-1 149 

                                                           
1 Biological nitrogen fixation has been removed as a direct source of N2O because of the lack of evidence of significant 

emissions arising from the fixation process itself (Rochette and Janzen, 2005). These authors concluded that the N2O 
emissions induced by the growth of legume crops/forages may be estimated solely as a function of the above-ground and 
below-ground nitrogen inputs from crop/forage residue (the nitrogen residue from forages is only accounted for during 
pasture renewal).  Conversely, the release of N by mineralisation of soil organic matter as a result of change of land use or 
management is now included as an additional source.  These are significant adjustments to the methodology previously 
described in the 1996 IPCC Guidelines. 

2 The nitrogen residue from perennial forage crops is only accounted for during periodic pasture renewal, i.e. not necessarily 
on an annual basis as is the case with annual crops. 

3 Soils are organic if they satisfy the requirements 1 and 2, or 1 and 3 below (FAO, 1998): 1. Thickness of 10 cm or more. A 
horizon less than 20 cm thick must have 12 percent or more organic carbon when mixed to a depth of 20 cm; 2. If the soil is 
never saturated with water for more than a few days, and contains more than 20 percent (by weight) organic carbon (about 
35 percent organic matter); 3. If the soil is subject to water saturation episodes and has either: (i) at least 12 percent (by 
weight) organic carbon (about 20 percent organic matter) if it has no clay; or (ii) at least 18 percent (by weight) organic 
carbon (about 30 percent organic matter) if it has 60 percent or more clay; or (iii) an intermediate, proportional amount of 
organic carbon for intermediate amounts of clay (FAO, 1998). 
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FON  = annual amount of animal manure, compost, sewage sludge and other organic N additions applied to 150 
soils (Note: If including sewage sludge, cross-check with Waste Sector to ensure there is no double 151 
counting of N2O emissions from the N in sewage sludge), kg N yr-1 152 

FCR  = annual amount of N in crop residues (above-ground and below-ground), including N-fixing crops, 153 
and from forage/pasture renewal, returned to soils, kg N yr-1 154 

FSOM = annual amount of N in mineral soils that is mineralised, in association with loss of soil C from soil 155 
organic matter as a result of changes to land use or management, kg N yr-1 156 

FOS  = annual area of managed/drained organic soils, ha (Note: the subscripts CG, F, Temp, Trop, NR and 157 
NP refer to Cropland and Grassland, Forest Land, Temperate, Tropical, Nutrient Rich, and Nutrient 158 
Poor, respectively) 159 

FPRP = annual amount of urine and dung N deposited by grazing animals on pasture, range and paddock, kg 160 
N yr-1 (Note: the subscripts CPP and SO refer to Cattle, Poultry and Pigs, and Sheep and Other animals, 161 
respectively) 162 

EF1  = emission factor for N2O emissions from N inputs, kg N2O–N (kg N input)-1(Table 11.1) 163 

EF1FR is the emission factor for N2O emissions from N inputs to flooded rice, kg N2O–N (kg N input)-1 164 
(Table 11.1) 4 165 

EF2  = emission factor for N2O emissions from drained/managed organic soils, kg N2O–N ha-1 yr-1; (Table 166 
11.1) (Note: the subscripts CG, F, Temp, Trop, NR and NP refer to Cropland and Grassland, Forest 167 
Land, Temperate, Tropical, Nutrient Rich, and Nutrient Poor, respectively) 168 

EF3PRP = emission factor for N2O emissions from urine and dung N deposited on pasture, range and paddock 169 
by grazing animals, kg N2O–N (kg N input)-1; (Table 11.1) (Note: the subscripts CPP and SO refer to 170 
Cattle, Poultry and Pigs, and Sheep and Other animals, respectively) 171 

172 

                                                           
4 When the total annual quantity of N applied to flooded paddy rice is known, this N input may be multiplied by a lower default 

emission factor applicable to this crop, EF1FR (Table 11.1) (Akiyama et al., 2005) or, where a country-specific emission 
factor has been determined, by that factor instead.  Although there is some evidence that intermittent flooding (as described 
in Chapter 5.5) can increase N2O emissions, current scientific data indicate that EF1FR also applies to intermittent flooding 
situations.  
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Figure 11.1 Schematic diagram illustrating the sources and pathways of N that result in 173 
direct and indirect N2O emissions from soils and waters 174 

Note: Sources of N applied to, or deposited on, soils are represented with arrows on the left-hand side of the 175 
graphic. Emission pathways are also shown with arrows including the various pathways of volatilisation of NH3 176 
and NOx from agricultural and non-agricultural sources, deposition of these gases and their products NH4

+ and 177 
NO3

-, and consequent indirect emissions of N2O are also illustrated. “Applied Organic N Fertilisers” include 178 
animal manure, all compost, sewage sludge, tankage, etc. “Crop Residues” include above- and below-ground 179 
residues for all crops (non-N and N fixing) and from perennial forage crops and pastures following renewal.  On 180 
the lower right-hand side is a cut-away view of a representative sections of managed land; Histosol cultivation is 181 
represented here. 182 

 183 

 184 

185 
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Figure 11.2 Decision tree for direct N2O emissions from managed soils 186 
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Conversion of N2O–N emissions to N2O emissions for reporting purposes is performed by using the following 189 
equation: 190 

N2O = N2O–N ● 44/28 191 

Tier 2 192 
If more detailed emission factors and corresponding activity data are available to a country than are presented in 193 
Equation 11.1, further disaggregation of the terms in the equation can be undertaken. For example, if emission 194 
factors and activity data are available for the application of synthetic fertilisers and organic N (FSN and FON) under 195 
different conditions i, Equation 11.1 would be expanded to become 5: 196 

EQUATION 11.2 197 
DIRECT N2O EMISSIONS FROM MANAGED SOILS (TIER 2) 198 
    

i
PRPOSSOMCRiiONSNDirect NONNONEFFFEFFFNON 22112  199 

Where: 200 

EF1i = emission factors developed for N2O emissions from synthetic fertiliser and organic N application 201 
under conditions i (kg N2O–N (kg N input)-1); i = 1, …n. 202 

Equation 11.2 may be modified in a variety of ways to accommodate any combination of N source-, crop type-, 203 
management-, land use-, climate-, soil- or other condition-specific emission factors that a country may be able to 204 
obtain for each of the individual N input variables (FSN, FON, FCR, FSOM, FOS, FPRP). 205 

Conversion of N2O–N emissions to N2O emissions for reporting purposes is performed by using the following 206 
equation: 207 

N2O = N2O–N ● 44/28 208 

Tier 3 209 
Tier 3 methods are modelling or measurement approaches. Models are useful because in appropriate forms they 210 
can relate the soil and environmental variables responsible for N2O emissions to the size of those emissions. These 211 
relationships may then be used to predict emissions from whole countries or regions for which experimental 212 
measurements are impracticable. Models should only be used after validation by representative experimental 213 
measurements. Care should also be taken to ensure that the emission estimates developed through the use of models 214 
or measurements account for all anthropogenic N2O emissions 6 .Guidance that provides a sound scientific basis 215 
for the development of a Tier 3 Model-based Accounting System is given in Chapter 2, Section 2.5. 216 

11.2.1.2 CHOICE OF EMISSION FACTORS 217 

Tiers 1 and 2 218 
Three emission factors (EF) are needed to estimate direct N2O emissions from managed soils. The default values 219 
presented here may be used in the Tier 1 equation or in the Tier 2 equation in combination with country-specific 220 
emission factors. The first EF (EF1) refers to the amount of N2O emitted from the various synthetic and organic N 221 
applications to soils, including crop residue and mineralisation of soil organic carbon in mineral soils due to land-222 
use change or management. The second EF (EF2) refers to the amount of N2O emitted from an area of 223 
drained/managed organic soils, and the third EF (EF3PRP) estimates the amount of N2O emitted from urine and 224 
dung N deposited by grazing animals on pasture, range and paddock. Default emission factors for the Tier 1 method 225 
are summarised in Table 11.1.d 226 

The default value for EF1 has been set at TBD% of the N applied to soils or released through activities that result 227 
in mineralisation of organic matter in mineral soils 7. Given the growing number of studies highlighting the role 228 
                                                           
5 It is important to note that Equation 11.2 is just one of many possible modifications to Equation 11.1 when using the Tier 2 

method.  The eventual form of Equation 11.2 will depend upon the availability of condition-specific emission factors and the 
ability to which a country can disaggregate its activity data. 

6 Natural N2O emissions on managed land are assumed to be equal to emissions on unmanaged land. These latter emissions 
are very low. Therefore, nearly all emissions on managed land are considered anthropogenic. Estimates using the IPCC 
methodology are of the same magnitude as total measured emissions from managed land. Some Tier 3 methods may estimate 
only part of or aggregate some of the emission sources. Developers of Tier 3 methods should be aware of which components 
of Equation 11.2 are included in the estimate produced by their country-specific method.  

7 The value of EF1 is under revision based on the available experimental data. These analyses draw on a much larger number 
of measurements than were available for the previous value used for EF1 in the 2006 IPCC Guidelines (Bouwman et al., 
2002a,b; Stehfest and Bouwman, 2006; Novoa and Tejeda, 2006). 
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of climate in determining EF1 (Cayuela et al., 2017), alternative emission factors that are disaggregated by climatic 229 
zone are also provided. There are data to suggest that the emission factor could also be further disaggregated as 230 
part of the Tier 2 method. This disaggregation could be based on (1) environmental factors (soil organic C content, 231 
soil texture, drainage and soil pH); and (2) management-related factors (N application rate per fertiliser type; and 232 
type of crop with differences between legumes, non-leguminous arable crops, and grass) (Cayuela et al., 2017; 233 
Rochette et al., 2017). Countries that are able to disaggregate their activity data from all or some of these factors 234 
may choose to use disaggregated emission factors with the Tier 2 approach. 235 

UPDATED TABLE 11.1 
DEFAULT EMISSION FACTORS TO ESTIMATE DIRECT N2O EMISSIONS FROM MANAGED SOILS 

Emission factor 

Aggregated Disaggregated 

Default 
value 

Uncertainty 
range 

Disaggregation 
Default  

value 
Uncertainty 

range 

EF1 for N additions from 
mineral fertilisers, organic 
amendments and crop residues, 
and N mineralised from 
mineral soil as a result of loss 
of soil carbon [kg N2O–N (kg 
N)-1]1 

TBD3 TBD 

Temperate/Boreal Wet  TBD TBD 

Temperate/Boreal Dry TBD TBD 

Tropical Wet TBD TBD 

Tropical Dry TBD TBD 

EF1FR for flooded rice fields 
[kg N2O–N (kg N)-1]2 

0.004 0.003 - 0.005 
Continuous flooding 0.004 0.003 – 0.004 

With drainage 0.005 0.003 - 0.007 

EF3PRP, CPP for cattle (dairy, non-dairy 
and buffalo), poultry and pigs [kg 
N2O–N (kg N)-1]1 

0.006 0.005 – 0.007 

Wet climates TBD TBD 

Dry climates TBD TBD 

EF3PRP, SO for sheep and ‘other 
animals’ [kg N2O–N (kg N)-1]1 

0.003 0.002 – 0.004 

Wet climates TBD TBD 

Dry climates TBD TBD 

Notes: 

TBD - To be determined after completing the analysis of experimental data. 

EF1: From the databases by Albanito et al. (2017), Cayuela et al. (2017), Liu et al. (2017), Stehfest and Bouwman (2006), Rochette et al. 
(2017), van Lent et al. (2015) (See methods and data in Annex 11A.2). 

EF1FR: From the databases by Akiyama et al., 2005, Albanito et al. (2017), Cayuela et al. (2017) (See methods and data in Annex 11A.3). 

EF3PRP, CPP and EF3PRP, SO: From an updated version of the database by Cai and Akiyama (2016) (See methods and data in Annex 11A.4) 
1Disaggregation of EF1 and EF3PRP: Wet climates relate to temperate and boreal zones where the ratio of annual precipitation: potential 
evapotranspiration > 1, and tropical zones where annual precipitation > 1000 mm. Dry climates relate to temperate and boreal zones where 
the ratio of annual precipitation: potential evapotranspiration < 1, and tropical zones where annual precipitation < 1000 mm. Temperate, 
boreal and tropical zones correspond to those defined in Chapter 3 of Vol. 4. 
2 Disaggregation of EF1FR: ‘With drainage’ includes multiple drainage, single drainage, alternate wet and drying. Disaggregated EF1FR for 
rain-fed and deep-water were not provided due to lack of data.  

 236 

The latest values for EF2 values are provided in the 2013 Supplement to the 2006 IPCC Guidelines for National 237 
Greenhouse Gas Inventories: Wetlands. The default value for EF3PRP is 0.6% of the N deposited by all animal types 238 
except ‘sheep’ and ‘other’ animals. For these latter species, a default emission factor of 0.3% of the N deposited 239 
may be used 8. When disaggregated by climate and animal type, for wet climates EF3PRP is TBD% for all animal 240 

                                                           
8 This is an update on the 2006 IPCC Guidelines, with over 400 cattle and sheep dung and urine EF3 values collated from 13 

countries (See Annex 11.3). As noted in the 2006 IPCC Guidelines, reasons for the lower EF3PRP for sheep include more 
even urine distribution (smaller and more frequent urinations), and smaller effects on soil compaction during grazing. There 
are no or very limited data for N2O emission factors of other animal types, and the emission factor for poultry and swine is 
assumed to be the same as for cattle. However, a value of 0.3% of the nitrogen deposited may be used for animals classified 
as ‘other animals’ which includes goats, horses, mules, donkeys, camels, reindeer, and camelids, as these are likely to have 
nitrogen excretion rates and patterns that are more similar to sheep than to cattle. For disaggregation of EF3 by climate for 
each livestock group, see Annex 11.3. A disaggregation of EF3PRP for dung vs. urine nitrogen could also be considered. 
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types except ‘sheep’ and ‘other’ animals and TBD for sheep and other animals. For dry climates, EF3PRP is TBD 241 
for all animal types except ‘sheep’ and ‘other’ animals and TBD for sheep and other animals. 242 

11.2.1.3 CHOICE OF ACTIVITY DATA 243 

Tiers 1 and 2 244 
This section describes generic methods for estimating the amount of various N inputs to soils (FSN, FON, FPRP, FCR, 245 
FSOM, FOS) that are needed for the Tier 1 and Tier 2 methodologies (Equations 11.1 and 11.2). 246 

Applied synthetic fertiliser (FSN) 247 

The term FSN refers to the annual amount of synthetic N fertiliser applied to soils 9. It is estimated from the total 248 
amount of synthetic fertiliser consumed annually. Annual fertiliser consumption data may be collected from 249 
official country statistics, often recorded as fertiliser sales and/or as domestic production and imports. If country-250 
specific data are not available, data from the International Fertilizer Industry Association (IFIA) 251 
(http://www.fertilizer.org/ifa/statistics.asp) on total fertiliser use by type and by crop, or from the Food and 252 
Agriculture Organisation of the United Nations (FAO): (http://faostat.fao.org/) on synthetic fertiliser consumption, 253 
can be used. It may be useful to compare national statistics to international databases such as those of the IFIA and 254 
FAO. If sufficient data are available, fertiliser use may be disaggregated by fertiliser type, crop type and climatic 255 
regime for major crops. These data may be useful in developing revised emission estimates if inventory methods 256 
are improved in the future. It should be noted that most data sources (including FAO) might limit reporting to 257 
agricultural N uses, although applications may also occur on Forest Land, Settlements, or other lands. This 258 
unaccounted N is likely to account for a small proportion of the overall emissions. However, it is recommended 259 
that countries seek out this additional information whenever possible. 260 

Applied organic N fertilisers (FON) 261 

The term “applied organic N fertiliser” (FON) refers to the amount of organic N inputs applied to soils other than 262 
by grazing animals and is calculated using Equation 11.3. This includes applied animal manure, sewage sludge 263 
applied to soil, compost applied to soils, as well as other organic amendments of regional importance to agriculture 264 
(e.g., rendering waste, guano, brewery waste, etc.). Organic N fertiliser (FON) is calculated using Equation 11.3: 265 

EQUATION 11.3 266 
N FROM ORGANIC N ADDITIONS APPLIED TO SOILS (TIER 1) 267 

OOACOMPSEWAMON FFFFF   268 

Where: 269 

FON = total annual amount of organic N fertiliser applied to soils other than by grazing animals, kg N yr-1 270 

FAM = annual amount of animal manure N applied to soils, kg N yr-1 271 

FSEW = annual amount of total sewage N (coordinate with Waste Sector to ensure that sewage N is not 272 
double-counted) that is applied to soils, kg N yr-1 273 

FCOMP = annual amount of total compost N applied to soils (ensure that manure N in compost is not double-274 
counted), kg N yr-1 275 

FOOA = annual amount of other organic amendments used as fertiliser (e.g., rendering waste, guano, brewery 276 
waste, etc.), kg N yr-1 277 

The term FAM is determined by adjusting the amount of manure N available (NMMS_Avb; see Equation 10.34 in 278 
Chapter 10) for the amount of managed manure used for feed (FracFEED), burned for fuel (FracFUEL), or used for 279 
construction (FracCNST) as shown in Equation 11.4. Data for FracFUEL, FracFEED, FracCNST can be obtained from 280 

                                                           
However, this is difficult to implement as it is unlikely that countries have the required information readily available to assess 
excretion rates in urine and dung. However, this approach may be considered by countries that use a higher tier methodology. 

9 For the Tier 1 approach, the amounts of applied mineral nitrogen fertilisers (FSN) and of applied organic nitrogen fertilisers 
(FON) are no longer adjusted for the amounts of NH3 and NOx volatilisation after application to soil.  This is a change from 
the methodology described in the 1996 IPCC Guidelines. The reason for this change is that field studies that have determined 
N2O emission factors for applied N were not adjusted for volatilisation when they were estimated. In other words, these 
emission factors were determined from: fertiliser-induced N2O–N emitted / total amount of N applied, and not from: fertiliser-
induced N2O–N emitted / (total amount of N applied – NH3 and NOx volatilised). As a result, adjusting the amount of N 
input for volatilisation before multiplying it with the emission factor would in fact underestimate total N2O emissions. 
Countries using Tier 2 or Tier 3 approaches should be aware that correction for NH3/NOx volatilisation after mineral or 
organic N application to soil may be required depending on the emission factor and/or the inventory methodology used. 
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official statistics or a survey of experts. However, if these data are not available use NMMS_Avb as FAM without 281 
adjusting for FracFUEL, FracFEED, FracCNST. 282 

EQUATION 11.4 283 
N FROM ANIMAL MANURE APPLIED TO SOILS (TIER 1) 284 

  CNSTFUELFEEDAvbMMSAM FracFracFracNF  1  285 

Where: 286 

FAM = annual amount of animal manure N applied to soils, kg N yr-1 287 

NMMS_Avb = amount of managed manure N available for soil application, feed, fuel or construction, kg N yr-288 
1 (see Equation 10.34 in Chapter 10) 289 

FracFEED = fraction of managed manure used for feed 290 

FracFUEL = fraction of managed manure used for fuel 291 

FracCNST = fraction of managed manure used for construction 292 

 293 

Urine and dung from grazing animals (FPRP) 294 

The term FPRP refers to the annual amount of N deposited on pasture, range and paddock soils by grazing animals. 295 
It is important to note that the N from managed animal manure applied to soils is included in the FAM term of FON. 296 
The term FPRP is estimated using Equation 11.5 from the number of animals in each livestock species/category T 297 
(N(T)), the annual average amount of N excreted by each livestock species/category T (Nex(T)), and the fraction of 298 
this N deposited on pasture, range and paddock soils by each livestock species/category T (MS(T,PRP)). The data 299 
needed for this equation can be obtained from the livestock chapter (see Chapter 10, Section 10.5). 300 

Equation 11.5 provides an estimate of the amount of N deposited by grazing animals: 301 

EQUATION 11.5 302 
N IN URINE AND DUNG DEPOSITED BY GRAZING ANIMALS ON PASTURE, RANGE AND PADDOCK 303 

(TIER 1) 304 

   
T

PRPTTTPRP MSNexNF ),()()(  305 

Where: 306 

FPRP = annual amount of urine and dung N deposited on pasture, range, paddock and by grazing animals, 307 
kg N yr-1 308 

N(T) = number of head of livestock species/category T in the country (see Chapter 10, Section 10.2) 309 

Nex(T) = annual average N excretion per head of species/category T in the country, kg N animal-1 yr-1 (see 310 
Chapter 10, Section 10.5) 311 

MS(T,PRP)  = fraction of total annual N excretion for each livestock species/category T that is deposited on 312 
pasture, range and paddock10 (see Chapter 10, Section 10.5) 313 

 314 

Crop residue N, including N-fixing crops and forage/ pasture renewal, returned to soils, (FCR) 315 

The term FCR refers to the amount of N in crop residues (above-ground and below-ground), including N-fixing 316 
crops, returned to soils annually 11. It also includes the N from N-fixing and non-N-fixing forages mineralised 317 
during forage or pasture renewal 12. It is estimated from crop yield statistics and default factors for above-/below-318 
ground residue:yield ratios and residue N contents. In addition, the method accounts for the effect of residue 319 

                                                           
10 In the livestock section, pasture, range and paddock is referred to as one of the manure management systems denoted as “S”. 

11 The equation to estimate FCR has been modified from the previous 1996 IPCC Guidelines to account for the contribution of 
the below-ground nitrogen to the total input of nitrogen from crop residues, which previously was ignored in the estimate of 
FCR. As a result, FCR now represents a more accurate estimate of the amount of nitrogen input from crop residue, which 
makes it possible to assess the contribution to residue nitrogen arising from the growth of forage legumes such as alfalfa, 
where the harvesting of virtually all the above-ground dry matter results in no significant residue except the root system. 

12 The inclusion of nitrogen from forage or pasture renewal is a change from previous 1996 IPCC Guidelines. 
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burning or other removal of residues (direct emissions of N2O from residue burning are addressed under Chapter 320 
2, Section 2.4. Because different crop types vary in residue:yield ratios, renewal time and N contents, separate 321 
calculations should be performed for major crop types and then N values from all crop types are summed up. At a 322 
minimum, it is recommended that crops be segregated into: 1) non-N-fixing grain crops (e.g., maize, rice, wheat, 323 
barley); 2) N-fixing grains and pulses (e.g., soybean, dry beans, chickpea, lentils); 3) root and tuber crops (e.g., 324 
potato, sweet potato, cassava); 4) N-fixing forage crops (alfalfa, clover); and 5) other forages including perennial 325 
grasses and grass/clover pastures. Equation 11.6 provides the equation to estimate N from crop residues and 326 
forage/pasture renewal, for a Tier 1 approach. 327 

 328 

Where: 329 

FCR  = annual amount of N in crop residues (above and below ground), including N-fixing crops, and from 330 
forage/pasture renewal, returned to soils annually, kg N yr-1 331 

 ሺ்ሻ = annual total amount of above-ground crop residue for crop T, kg d.m. ha-1. (Use factors in Table 332ܴܩܣ
11.2, or alternatively, the amount can be calculated using the method and data in Table 11.3) 333 

஺ܰீሺ்ሻ = N content of above-ground residues for crop T, kg N (kg d.m.) -1 (Table 11.2) 334 

 ோ௘௠௢௩௘ሺ்ሻ = fraction of above-ground residues of crop T removed annually for purposes such as feed, 335ܿܽݎܨ
bedding and construction, dimensionless. Survey of experts in country is required to obtain data. If 336 
data for FracRemove are not available, assume no removal 337 

 ஻௨௥௡௧ሺ்ሻ = fraction of annual harvested area of crop T burnt, dimensionless 338ܿܽݎܨ

Cf = combustion factor (dimensionless) (refer to Chapter 2, Table 2.6) 339 

 ሺ்ሻ = annual total amount of belowground crop residue for crop T, kg d.m. ha-1 340ܴܩܤ

஻ܰீሺ்ሻ = N content of below-ground residues for crop T, kg N (kg d.m.)-1, (Table 11.2) 341 

Crop(T) = harvested annual dry matter yield for crop T, kg d.m. ha-1 342 

RAG(T) = ratio of above-ground residues dry matter (AGDM(T)) to harvested yield for crop T (Crop(T)), kg d.m. 343 
(kg d.m.)-1, (Table 11.2) 344 

Area(T) = total annual area harvested of crop T, ha yr-1 345 

FracRenew (T) = fraction of total area under crop T that is renewed annually 13, dimensionless. For countries 346 
where pastures are renewed on average every X years, FracRenew = 1/X. For annual crops FracRenew = 1 347 

R:S(T) = ratio of below-ground root biomass to above-ground biomass for crop T, kg d.m. (kg d.m.)-1, (Table 348 
11.2) 349 

T = crop or forage type 350 

Data on crop yield statistics (yields and area harvested, by crop) may be obtained from national sources. If such 351 
data are not available, FAO publishes data on crop production: (http://faostat.fao.org/). 352 

Since yield statistics for many crops are reported as field-dry or fresh weight, a correction factor can be applied to 353 
estimate dry matter yields (Crop(T)) where appropriate (Equation 11.7). The proper correction to be used is 354 
dependent on the standards used in yield reporting, which may vary between countries. Alternatively, the default 355 
values for dry matter content given in Table 11.2 may be used. 356 

                                                           
13 This term is included in the equation to account for N release and the subsequent increases in N2O emissions (e.g., van der 

Weerden et al., 1999; Davies et al., 2001), from renewal/cultivation of grazed grass or grass/clover pasture and other forage 
crops. 

UPDATED EQUATION 11.6 
N FROM CROP RESIDUES AND FORAGE/PASTURE RENEWAL (TIER 1) 

஼ோܨ ൌ෍ൣܴܩܣሺ்ሻ ∗ ஺ܰீሺ்ሻ ∗ ൫1 െ ோ௘௠௢௩௘ሺ்ሻܿܽݎܨ െ ሺܿܽݎܨ஻௨௥௡௧ሺ்ሻ ∗ ௙൯൧ܥ
்
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EQUATION 11.7 357 
DRY-WEIGHT CORRECTION OF REPORTED CROP YIELDS 358 

DRYFreshYieldCrop TT  )()(  359 

Where: 360 

Crop(T) = harvested dry matter yield for crop T, kg d.m. ha-1 361 

Yield_Fresh(T) = harvested fresh yield for crop T, kg fresh weight ha-1 362 

DRY = dry matter fraction of harvested crop T, kg d.m. (kg fresh weight)-1 363 

An improvement on this approach for determining FCR (i.e., Tier 2) would be the use of country-specific data rather 364 
than the values provided in Table 11.2, as well as country-specific values for the fraction of above-ground residue 365 
burned. 366 

 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 
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 398 

NEW GUIDANCE - TABLE 11.2  

DEFAULT VALUES FOR NAG(T) , NBG(T) , RAG(T), R:S(T) AND DRY TO BE USED IN EQUATIONS 11.6 AND 11.7 

Crops N content of 
above-ground 

residues 

(NAG(T))a 

N content of 
below-ground 

residues 

(NBG(T))a 

RAG(T)
 

b 
Ratio of below-

ground biomass to 
above-ground 

biomass  

(R:S(T))a 

Dry matter 
fraction of 

harvested product 

(DRY)a 

Generic value for 
crops not indicated 
below 

TBD TBD 1.0 TBD TBD 

Generic Grains 0.006 0.009 1.3 0.22 (±16%) 0.88 

Winter Wheat 0.006 0.009 1.3 0.23 (±41%) 0.89 

Spring Wheat 0.006 0.009 1.3 0.28 (±26%) 0.89 

Barley 0.007 0.014 1.2 0.22 ( 33%) 0.89 

Oats 0.007 0.008 1.3 0.25 ( 120%) 0.89 

Maize 0.007 0.007 1.0 0.22 ( 26%) 0.87 

Rye 0.005 0.011 1.6 TBD 0.88 

Rice 0.007 TBD 1.4 0.16 ( 35%) 0.89 

Millet 0.007 TBD 1.4 TBD 0.90 

Sorghum 0.007 0.006 1.4 TBD 0.89 

Beans and Pulses 0.01 0.01 2.1 TBD 0.90 

Soybeans 0.008 0.008 2.1 0.19 ( 45%) 0.91 

Potatoes and 
Tubers 

0.019 0.014 0.4 0.20 ( 50%)d 0.22 

Peanuts 0.016 TBD 1.0 TBD 0.94 

Alfalfa 0.027 0.019 TBD 0.40 ( 50%)e 0.90 

Non-legume hay 0.015 0.012 TBD 0.54 ( 50%)e 0.90 

N-fixing forages 0.027 0.022 0.3 0.40 ( 50%) 0.90 

Non-N-fixing 
forages 

0.015 0.012 0.3 0.54 ( 50%) 0.90 

Perennial Grasses 0.015 0.012 0.3 0.80 ( 50%)f 0.90 

Grass-Clover 
Mixtures 

0.025 0.016c 0.3 0.80 ( 50%)f 0.90 

TBD – Values to be determined based on review of literature. 
a Source: 2006 IPCC Guidelines, Chapter 11. 
b Source: 2000 IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories. Chapter 4 for RAG(T) 
except forages, grasses and grass-clover mixes, which are from the 2006 IPCC Guidelines, Chapter 11, and the generic value for all 
crops, which is the expert opinion of authors. 
c It is assumed here that grass dominates the system by 2 to 1 over legumes. 
d This is an estimate of non-tuber roots based on the root:shoot values found for other crops. If unmarketable tuber yield is returned to the 
soil then data are derived from Vangessel and Renner, 1990 (see Annex 11A.1) (unmarketable yield = 0.08 * marketable yield = 0.29 * 
above-ground biomass) suggest that the total residues returned might then be on the order of 0.49 * above-ground biomass. Default s.d. 
e This is based an estimate of root turnover in perennial systems. Default s.d. 
f Estimate of root turnover to above-ground production based on the assumption that in natural grass systems below-ground biomass is 
approximately equal to twice (one to three times) the above-ground biomass and that root turnover in these systems averages about 40% 
(30% to 50%) per year. Default s.d. 

 399 

 400 
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 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 ELABORATED - TABLE 11.3 
 ALTERNATIVE METHOD AND DATA FOR ESTIMATING ABOVE-GROUND RESIDUE (ࡾࡳ࡭ሺࢀሻ) A  

Crop 

Above-ground residue dry matter AGR(T) (kg d.m. ha-1): 

AGR(T) = Crop(T)* Slope(T) + (Intercept(T)*1000) 

Slope  2 s.d. as % of mean Intercept  2 s.d. as % of mean R2 adj. 

Major crop types      

Grains 1.09  2% 0.88  6% 0.65 

Beans & pulsesb 1.13  19% 0.85  56% 0.28 

Tubersc 0.10  69% 1.06  70% 0.18 

Root crops, otherd 1.07  19% 1.54  41% 0.63 

N-fixing forages 0.3  50% default 0 - - 

Non-N-fixing forages 0.3  50% default 0 - - 

Perennial grasses 0.3  50% default 0 - - 

Grass-clover 
mixtures 

0.3  50% default 0 - - 

Individual crops      

Maize 1.03  3% 0.61  19% 0.76 

Wheat 1.51  3% 0.52  17% 0.68 

Winter wheat 1.61  3% 0.40  25% 0.67 

Spring wheat 1.29  5% 0.75  26% 0.76 

Rice 0.95 19% 2.46  41% 0.47 

Barley 0.98  8% 0.59  41% 0.68 

Oats 0.91  5% 0.89  8% 0.45 

Millet 1.43  18% 0.14  308% 0.50 

Sorghum 0.88  13% 1.33  27% 0.36 

Ryee 1.09  50% default 0.88  50% default - 

Soybeanf 0.93  31% 1.35  49% 0.16 

Dry beang 0.36  100% 0.68  47% 0.15 

Potatoh 0.10  69% 1.06  70% 0.18 

Peanut (w/pod)i 1.07  19% 1.54  41% 0.63 

Alfalfa 0.29j  31% 0 - - 

Non-legume hay 0.18  50% default 0 - - 
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a Source: Literature review by Stephen A. Williams, Natural Resource Ecology Laboratory, Colorado State University. (Email: 
stevewi@warnercnr.colostate.edu) for CASMGS (http://www.casmgs.colostate.edu/). A list of the original references is given in Annex 
11A.1. 
b The average above-ground residue:grain ratio from all data used was 2.0 and included data for soya bean, dry bean, lentil, cowpea, black 
gram, and pea. 
c Modelled after potatoes. 
d Modelled after peanuts. 
e No data for rye. Slope and intercept values are those for all grain. Default s.d. 
f The average above-ground residue:grain ratio from all data used was 1.9. 
g Ortega, 1988 (see Annex 11A.1). The average above-ground residue:grain ratio from this single source was 1.6. default s.d. for 
root:AGB. 
h The mean value for above-ground residue:tuber ratio in the sources used was 0.27 with a standard error of 0.04. 
i The mean value for above-ground residue: pod yield in the sources used was 1.80 with a standard error of 0.10. 
j This is the average above-ground biomass reported as litter or harvest losses. This does not include reported stubble, which averaged 
0.165 x Reported Yields. Default s.d. 

 409 

Mineralised N resulting from loss of soil organic C stocks in mineral soils through land-use change or management 410 
practices (FSOM) 14 411 

The term FSOM refers to the amount of N mineralised from loss in soil organic C in mineral soils through land-use 412 
change or management practices. As explained in Chapter 2, Section 2.3.3, land-use change and a variety of 413 
management practices can have a significant impact on soil organic C storage. Organic C and N are intimately 414 
linked in soil organic matter. Where soil C is lost through oxidation as a result of land-use or management change, 415 
this loss will be accompanied by a simultaneous mineralisation of N. Where a loss of soil C occurs, this mineralised 416 
N is regarded as an additional source of N available for conversion to N2O (Smith and Conen, 2004); just as 417 
mineral N released from decomposition of crop residues, for example, becomes a source. The same default 418 
emission factor (EF1) is applied to mineralised N from soil organic matter loss as is used for direct emissions 419 
resulting from fertiliser and organic N inputs to agricultural land. This is because the ammonium and nitrate 420 
resulting from soil organic matter mineralisation is of equal value as a substrate for the microorganisms producing 421 
N2O by nitrification and denitrification, no matter whether the mineral N source is soil organic matter loss from 422 
land-use or management change, decomposition of crop residues, synthetic fertilisers or organic amendments. 423 
(Note: the opposite process to mineralisation, whereby inorganic N is sequestered into newly formed SOM, is not 424 
taken account of in the calculation of the mineralisation N source. This is because of the different dynamics of 425 
SOM decomposition and formation, and also because reduced tillage in some circumstances can increase both 426 
SOM and N2O emission.) 427 

For all situations where soil C losses occur (as calculated in Chapter 2, Equation 2.25) the Tier 1 and 2 methods 428 
for calculating the release of N by mineralisation are shown below: 429 

Calculation steps for estimating changes in N supply from mineralisation 430 

Step 1: Calculate the average annual loss of soil C (∆CMineral, LU) for the area, over the inventory period, using 431 
Equation 2.25 in Chapter 2. Using the Tier 1 approach, the value for ∆CMineral, LU will have a single value for all 432 
land-uses and management systems. Using Tier 2, the value for ∆CMineral, LU will be disaggregated by individual 433 
land-use and/or management systems. 434 

Step 2: Estimate the N mineralised as a consequence of this loss of soil C (FSOM), using Equation 11.8: 435 

EQUATION 11.8 436 
N MINERALISED IN MINERAL SOILS AS A RESULT OF LOSS OF SOIL C THROUGH CHANGE IN LAND 437 

USE OR MANAGEMENT (TIERS 1 AND 2) 438 

 













 

LU
LUeralMinSOM R

CF 1000
1

,  439 

Where: 440 

FSOM = the net annual amount of N mineralised in mineral soils as a result of loss of soil carbon through 441 
change in land use or management, kg N 442 

                                                           
14 The inclusion of the term FSOM is a change from the previous 1996 IPCC Guidelines, which did not include the N from 

mineralisation associated with a loss of soil organic C. 
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∆CMineral, LU = average annual loss of soil carbon for each land-use type (LU ), tonnes C (Note: for Tier 1, 443 
∆Cmineral, LU will have a single value for all land-uses and management systems. Using Tier 2 the value 444 
for Cmineral, LU will be disaggregated by individual land-use and/or management systems. 445 

R = C:N ratio of the soil organic matter. A default value of 15 (uncertainty range from 10 to 30) for the 446 
C:N ratio (R) may be used for situations involving land-use change from Forest Land or Grassland to 447 
Cropland, in the absence of more specific data for the area. A default value of 10 (range from 8 to 15) 448 
may be used for situations involving management changes on Cropland Remaining Cropland. C:N 449 
ratio can change over time, land use, or management practice 15. If countries can document changes in 450 
C:N ratio, then different values can be used over the time series, land use, or management practice. 451 

LU = land-use and/or management system type 452 

Step 3: For Tier 1, the value for FSOM is calculated in a single step. For Tier 2, FSOM is calculated by summing 453 
across all land-uses and/or management system types (LU). 454 

Countries that are not able to estimate gross changes of mineral soil C will create a bias in the N2O estimate, and 455 
it is good practice to acknowledge this limitation in the reporting documentation. It is also good practice to use 456 
specific data for the C:N ratios for the disaggregated land areas, if these are available, in conjunction with the data 457 
for carbon changes. 458 

Area of drained/managed organic soils (FOS) 459 

The term FOS refers to the total annual area (ha) of drained/managed organic soils (see footnote 3 for definition). 460 
This definition is applicable for both the Tier 1 and Tier 2 methods. For all land uses, the areas should be stratified 461 
by climate zone (temperate and tropical). In addition, for temperate Forest Land the areas should be further 462 
stratified by soil fertility (nutrient rich and nutrient poor). The area of drained/managed organic soils (FOS) may be 463 
collected from official national statistics. Alternatively, total areas of organic soils from each country are available 464 
from FAO (http://faostat.fao.org/), and expert advice may be used to estimate areas that are drained/managed. For 465 
Forest Land, national data will be available at soil survey organisations and from wetland surveys, e.g., for 466 
international conventions. In case no stratification by soil fertility is possible, countries may rely on expert 467 
judgment. 468 

11.2.1.4 UNCERTAINTY ASSESSMENT 469 

No Refinement470 

                                                           
15 Information  on  C:N ratios in forest and cropped soils may be found in the following references: Aitkenhead-Peterson et al., 

2005; Garten et al., 2000;  John et al., 2005; Lobe et al., 2001; Snowdon et al., 2005, and other references cited by these 
authors. 
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11.2.2 Indirect N2O emissions 471 

This section has further elaboration of the methods and updates. 472 

In addition to the direct emissions of N2O from managed soils that occur through a direct pathway (i.e., directly 473 
from the soils to which N is applied), emissions of N2O also take place through two indirect pathways (as illustrated 474 
above in Section 11.2). 475 

The first of these pathways is the volatilisation of N as NH3 and oxides of N (NOx), and the deposition of these 476 
gases and their products NH4

+ and NO3
- onto soils and the surface of lakes and other waters. The sources of N as 477 

NH3 and NOx are not confined to agricultural fertilisers and manures, but also include fossil fuel combustion, 478 
biomass burning, and processes in the chemical industry (see Volume 1, Chapter 7, Section 7.3). Thus, these 479 
processes cause N2O emissions in an exactly analogous way to those resulting from deposition of agriculturally 480 
derived NH3 and NOx, following the application of synthetic and organic N fertilisers and /or urine and dung 481 
deposition from grazing animals. The second pathway is the leaching and runoff from land of N from synthetic 482 
and organic fertiliser additions, crop residues 16, mineralisation of N associated with loss of soil C in mineral and 483 
drained/managed organic soils through land-use change or management practices, and urine and dung deposition 484 
from grazing animals. Some of the inorganic N in or on the soil, mainly in the NO3

- form, may bypass biological 485 
retention mechanisms in the soil/vegetation system by transport in overland water flow (runoff) and/or flow 486 
through soil macropores or pipe drains. Where NO3

- is present in the soil in excess of biological demand, e.g., 487 
under cattle urine patches, the excess leaches through the soil profile. The nitrification and denitrification processes 488 
described at the beginning of this chapter transform some of the NH4

+ and NO3
- to N2O. This may take place in 489 

the groundwater below the land to which the N was applied, or in riparian zones receiving drain or runoff water, 490 
or in the ditches, streams, rivers and estuaries (and their sediments) into which the land drainage water eventually 491 
flows. 492 

This methodology described in this Chapter addresses the following N sources of indirect N2O emissions from 493 
managed soils arising from agricultural inputs of N: 494 

 synthetic N fertilisers (FSN); 495 

 organic N applied as fertiliser (e.g., applied animal manure 17, compost, sewage sludge, rendering waste and 496 
other organic amendments) (FON); 497 

 urine and dung N deposited on pasture, range and paddock by grazing animals (FPRP); 498 

 N in crop residues (above- and below-ground), including N-fixing crops and forage/pasture renewal returned 499 
to soils (FCR) 18; and 500 

 N mineralisation associated with loss of soil organic matter resulting from change of land use or management 501 
on mineral soils (FSOM) 18. 502 

The generic Tier 1 and Tier 2 methods described below can be used to estimate aggregate total indirect N2O 503 
emissions from agricultural N additions to managed soils for an entire country. If a country is estimating its direct 504 
N2O from managed soils by land-use category, the indirect N2O emissions can also be estimated by the same 505 
disaggregation of land-use categories using the equations presented below with activity data, partitioning fractions, 506 
and/or emission factors specific for each land-use category. The methodology for estimating indirect N2O 507 
emissions from combustion-related and industrial sources is described in Volume 1, Chapter 7, Section 7.3. 508 

11.2.2.1 CHOICE OF METHOD 509 

Refer to the decision tree in Figure 11.3 (Indirect N2O Emissions) for guidance on which Tier method to use. 510 

 511 

                                                           
16 Crop residues should be included as an N input into the leaching and runoff component. 

17 Volatilisation and subsequent deposition of nitrogen from the manure in manure management systems is covered in the 
manure management section of this Volume.  

18 Nitrogen from these components is only included in the leaching/run-off component of indirect N2O emission. 
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Figure 11.3 Decision tree for indirect N2O emissions from managed soils 512 

 513 

 514 
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Tier 1 517 
Volatilisation, N2O(ATD) 518 

The N2O emissions from atmospheric deposition of N volatilised from managed soil are estimated using Equation 519 
11.9: 520 

EQUATION 11.9 521 
N2O FROM ATMOSPHERIC DEPOSITION OF N VOLATILISED FROM MANAGED SOILS (TIER 1) 522 

      4)(2 EFFracFFFracFNON GASMPRPONGASFSNATD   523 

Where: 524 

N2O(ATD)–N = annual amount of N2O–N produced from atmospheric deposition of N volatilised from 525 
managed soils, kg N2O–N yr-1 526 

FSN = annual amount of synthetic fertiliser N applied to soils, kg N yr-1 527 

FracGASF = fraction of synthetic fertiliser N that volatilises as NH3 and NOx, kg N volatilised (kg of N 528 
applied)-1 (Table 11.4) 529 

FON = annual amount of managed animal manure, compost, sewage sludge and other organic N additions 530 
applied to soils, kg N yr-1 531 

FPRP = annual amount of urine and dung N deposited by grazing animals on pasture, range and paddock, kg 532 
N yr-1 533 

FracGASM = fraction of applied organic N fertiliser materials (FON) and of urine and dung N deposited by 534 
grazing animals (FPRP) that volatilises as NH3 and NOx, kg N volatilised (kg of N applied or deposited)-535 
1 (Table 11.4) 536 

EF4 = emission factor for N2O emissions from atmospheric deposition of N on soils and water surfaces, [kg 537 
N–N2O (kg NH3–N + NOx–N volatilised)-1] (Table 11.4) 538 

Conversion of N2O(ATD)-N emissions to N2O emissions for reporting purposes is performed by using the following 539 
equation: 540 

N2O(ATD) = N2O(ATD) –N  44/28 541 

 542 

Leaching/Runoff, N2O(L) 543 

The N2O emissions from leaching and runoff in regions where leaching and runoff occurs are estimated using 544 
Equation 11.10: 545 

EQUATION 11.10 546 
N2O FROM N LEACHING/RUNOFF FROM MANAGED SOILS IN REGIONS WHERE LEACHING/RUNOFF 547 

OCCURS (TIER 1) 548 

  5)()(2 EFFracFFFFFNON HLEACHSOMCRPRPONSNL    549 

Where: 550 

N2O(L)–N  = annual amount of N2O–N produced from leaching and runoff of N additions to managed soils 551 
in regions where leaching/runoff occurs, kg N2O–N yr-1 552 

FSN  = annual amount of synthetic fertiliser N applied to soils in regions where leaching/runoff occurs, kg 553 
N yr-1 554 

FON  = annual amount of managed animal manure, compost, sewage sludge and other organic N additions 555 
applied to soils in regions where leaching/runoff occurs, kg N yr-1 556 

FPRP  = annual amount of urine and dung N deposited by grazing animals in regions where leaching/runoff 557 
occurs, kg N yr-1 (from Equation 11.5) 558 

FCR  = amount of N in crop residues (above- and below-ground), including N-fixing crops, and from 559 
forage/pasture renewal, returned to soils annually in regions where leaching/runoff occurs, kg N yr-1 560 

FSOM = annual amount of N mineralised in mineral soils associated with loss of soil C from soil organic 561 
matter as a result of changes to land use or management in regions where leaching/runoff occurs, kg N 562 
yr-1 (from Equation 11.8) 563 
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FracLEACH-(H) = fraction of all N added to/mineralised in managed soils in regions where leaching/runoff 564 
occurs that is lost through leaching and runoff, kg N (kg of N additions)-1 (Table 11.4) 565 

EF5  = emission factor for N2O emissions from N leaching and runoff, kg N2O–N (kg N leached and runoff)-566 
1 (Table 11.4) 567 

Note: If a country is able to estimate the quantity of N mineralised from organic soils, then include this as an 568 
additional input to Equation 11.10. 569 

Conversion of N2O(L)–N emissions to N2O emissions for reporting purposes is performed by using the following 570 
equation: 571 

N2O(L) = N2O(L)–N  44/28 572 

Tier 2 573 
If more detailed emission, volatilisation or leaching factors are available to a country than are presented in Table 574 
11.4, further disaggregation of the terms in the equations can also be undertaken. For example, if specific 575 
volatilisation factors are available for the application of synthetic fertilisers (FSN) under different conditions i, 576 
Equation 11.9 would be expanded to become 19: 577 

EQUATION 11.11 578 
N2O FROM ATMOSPHERIC DEPOSITION OF N VOLATILISED FROM MANAGED SOILS (TIER 2) 579 

     4)(2 EFFracFFFracFNON GASMPRPON
i

GASFSNATD ii










   580 

Where: 581 

N2O(ATD)–N = annual amount of N2O–N produced from atmospheric deposition of N volatilised from 582 
managed soils, kg N2O–N yr-1 583 

FSNi = annual amount of synthetic fertiliser N applied to soils under different conditions i, kg N yr-1 584 

FracGASFi
 = fraction of synthetic fertiliser N that volatilises as NH3 and NOx under different conditions i, kg 585 

N volatilised (kg of N applied)-1 586 

FON = annual amount of managed animal manure, compost, sewage sludge and other organic N additions 587 
applied to soils, kg N yr-1 588 

FPRP = annual amount of urine and dung N deposited by grazing animals on pasture, range and paddock, kg 589 
N yr-1 590 

FracGASM = fraction of applied organic N fertiliser materials (FON) and of urine and dung N deposited by 591 
grazing animals (FPRP) that volatilises as NH3 and NOx, kg N volatilised (kg of N applied or deposited)-592 
1 (Table 11.4) 593 

EF4 = emission factor for N2O emissions from atmospheric deposition of N on soils and water surfaces, [kg 594 
N–N2O (kg NH3–N + NOx–N volatilised)-1] (Table 11.4) 595 

Note: If a country is able to estimate the quantity of N mineralised from drainage/management of organic soils 596 
then include this as one of the N inputs into the Tier 2 modification of Equation 11.10. 597 

Conversion of N2O(ATD)–N emissions to N2O(ATD) emissions for reporting purposes is performed by using the 598 
following equation: 599 

N2O(ATD) = N2O(ATD)–N  44/28 600 

 601 

 602 

 603 

 604 

 605 

                                                           
19 It is important to note that Equation 11.11 is just one of many possible modifications to Equation 11.9, and is also meant to 

illustrate how Equation 11.10 could be modified, when using the Tier 2 method.  The eventual form of Equation 11.11 will 
depend upon the availability of land use and/or condition-specific partitioning fractions and/or emission factors and the ability 
to which a country can disaggregate its activity data. 
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Tier 3 606 
Tier 3 methods are modelling or measurement approaches. Models are useful as they can relate the variables 607 
responsible for the emissions to the size of those emissions. These relationships may then be used to predict 608 
emissions from whole countries or regions for which experimental measurements are impracticable. For more 609 
information refer to Chapter 2, Section 2.5, where guidance is given that provides a sound scientific basis for the 610 
development of a Tier 3 Model-based Accounting System. 611 

11.2.2.2 CHOICE OF EMISSION, VOLATILISATION AND LEACHING 612 

FACTORS 613 

The method for estimating indirect N2O emissions includes two emission factors: one associated with volatilised 614 
and re-deposited N (EF4), and the second associated with N lost through leaching/runoff (EF5). The method also 615 
requires values for the fractions of N that are lost through volatilisation (FracGASF and FracGASM) or leaching/runoff 616 
(FracLEACH-(H)). The default values of all these factors are presented in Table 11.4. 617 

Note that in the Tier 1 method, for humid regions or in dryland regions where irrigation (other than drip irrigation) 618 
is used, the default FracLEACH-(H) is 0.32. For dryland regions, where precipitation is lower than evapotranspiration 619 
throughout most of the year and leaching is unlikely to occur, the default FracLEACH is zero. The method of 620 
calculating whether FracLEACH-(H) = 0.32 should be applied is given in Table 11.4. 621 

Country-specific values for EF4 should be used with great caution because of the special complexity of 622 
transboundary atmospheric transport. Although inventory compilers may have specific measurements of N 623 
deposition and associated N2O flux, in many cases the deposited N may not have originated in their country. 624 
Similarly, some of the N that volatilises in their country may be transported to and deposited in another country, 625 
where different conditions that affect the fraction emitted as N2O may prevail. For these reasons, the value of EF4 626 
is very difficult to determine, and the method presented in Volume 1, Chapter 7, Section 7.3 attributes all indirect 627 
N2O emissions resulting from inputs to managed soils to the country of origin of the atmospheric NOx and NH3, 628 
rather than the country to which the atmospheric N may have been transported. 629 

11.2.2.3 CHOICE OF ACTIVITY DATA 630 

In order to estimate indirect N2O emissions from the various N additions to managed soils, the parameters FSN, 631 
FON, FPRP, FCR, FSOM need to be estimated. 632 

Applied synthetic fertiliser (FSN) 633 

The term FSN refers to the annual amount of synthetic fertiliser N applied to soils. Refer to the activity data section 634 
on direct N2O emissions from managed soils (Section 11.2.1.3) and obtain the value for FSN. 635 

Applied organic N fertilisers (FON) 636 

The term FON refers to the amount of organic N fertiliser materials intentionally applied to soils. Refer to the 637 
activity data section on direct N2O emissions from managed soils (Section 11.2.1.3) and obtain the value for FON. 638 

Urine and dung from grazing animals (FPRP) 639 

The term FPRP refers to the amount of N deposited on soil by animals grazing on pasture, range and paddock. Refer 640 
to the activity data section on direct N2O emissions from managed soils (Section 11.2.1.3) and obtain the value for 641 
FPRP. 642 

Crop residue N, including N from N-fixing crops and forage/pasture renewal, returned to soils (FCR) 643 

The term FCR refers to the amount of N in crop residues (above- and below-ground), including N-fixing crops, 644 
returned to soils annually. It also includes the N from N-fixing and non-N-fixing forages mineralised during 645 
forage/pasture renewal. Refer to the activity data section on direct N2O emissions from managed soils (Section 646 
11.2.1.3) and obtain the value for FCR. 647 

Mineralised N resulting from loss of soil organic C stocks in mineral soils (FSOM) 648 

The term FSOM refers to the amount of N mineralised from the loss of soil organic C in mineral soils through land-649 
use change or management practices. Refer to the activity data section on direct N2O emissions from managed 650 
soils (Section 11.2.1.3) and obtain the value for FSOM. 651 

 652 

 653 

 654 
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 655 

UPDATED TABLE 11.4 
DEFAULT EMISSION, VOLATILISATION AND LEACHING FACTORS FOR INDIRECT SOIL N2O EMISSIONS 

 Aggregated Disaggregated  

Emission factor 
Default 
value 

Uncertainty 
range (95% 
confidential 

interval) 

Disaggregation Default  

value 

Uncertainty 
range 

EF4 [N volatilisation and re-
deposition], kg N2O–N (kg NH3–N + 
NOX–N volatilised)-1 20 

TBD TBD 

- - - 

EF5 [leaching/runoff], kg N2O–N (kg 
N leaching/runoff) -1 21  

0.011 0.009 - 0.012 
- - - 

FracGASF [Volatilisation from synthetic 
fertiliser], (kg NH3–N + NOx–N) (kg N 
applied) –1 

0.177 0.159-0.195 

Urea 0.205 0.177-0.234
Ammonium-

based
0.165 0.130-0.203 

Nitrate-based 0.032 0.005-0.060
Ammonium-
nitrate-based

0.076 0.029-0.123 

FracGASM [Volatilisation from all 
organic N fertilisers applied, and dung 
and urine deposited by grazing 
animals], (kg NH3–N + NOx–N) (kg N 
applied or deposited) –1 

0.12 0.05 - 0.19 

- - - 

FracLEACH-(H) [N losses by 
leaching/runoff for regions where 
(rain in rainy season) -  (PE in same 
period) > soil water holding capacity, 
OR where irrigation (except drip 
irrigation) is employed], kg N (kg N 
additions or deposition by grazing 
animals)-1 

0.32 0.26 - 0.37 

- - - 

Note: The FracLEACH-(H) only applies to regions where soil water-holding capacity is exceeded, as a result of rainfall and/or irrigation 
(excluding drip irrigation), and leaching/runoff occurs. In the definition of FracLEACH-(H) above, PE is potential evaporation, and the rainy 
season(s) can be taken as the period(s) when rainfall > 0.5 * Pan Evaporation. (Explanations of potential and pan evaporation are 
available in standard meteorological and agricultural texts). For other regions the default FracLEACH is taken as zero. 

EF4: To be determined based on review of literature (See methods and data in Annex 11A.5). 

EF5: From Cai and Akiyama (2018) (See methods and data in Annex 11A.6).  

FracGASF: : Calculated by weighting number of observations from review papers by Bouwman et al. (2002) and Pan et al. (2006) for NH3 

and Liu et al. (2017) for NOx (See methods and data in Annex 11A.7). 

FracGASM: Calculated by weighting number of observations from review papers by Cai & Akiyama (2016) and IFA & FAO (2001) for 
NH3, by Cai & Akiyama (2016) and Liu et al. (2017) for NOx (See methods and data in Annex 11A.8).  

FracLEACH-(H): From Cai and Akiyama (2016) and Di and Cameron (2002) (See methods and data in Annex 11A.9) 

 656 

 657 

 658 

                                                           
20 Explanation on EF4 (to be updated in SOD) 

21 This emission factor incorporates three components: EF5g, EF5r and EF5e, which are the emission factors for groundwater and 
surface drainage, including upstream supersaturated with N2O (N2O emitted mainly from degas of groundwater), rivers and 
reservoirs, including downstream (supersaturated N2O was already degassed and N2O mainly produced by 
nitrification/denitrification in situ), and estuaries, respectively. EF5g: 0.006 N2O–N/kg NO3-N in the water, EF5r: 0.003 N2O–
N/kg NO3-N in the water and EF5e: 0.002 N2O–N/kg NO3-N in the water, based on Cai and Akiyama (2018). 
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11.2.2.4 UNCERTAINTY ASSESSMENT 659 

No Refinement 660 

11.2.3 Completeness, Time series, QA/QC 661 

No refinement 662 

11.3 CO2 EMISSIONS FROM LIMING 663 

No refinement 664 

11.4 CO2 EMISSIONS FROM UREA 665 

FERTILIZATION 666 

No refinement 667 

  668 
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Annex 11A.2 Estimation of Default Emission Factor(s) for EF1 798 

We extracted all studies from the databases by Albanito et al. (2017), Cayuela et al. (2017), Liu et al. (2017), 799 
Stehfest and Bouwman (2006), Rochette et al. (2017), and van Lent et al. (2015) and excluded studies which: 800 

 Were non-peer-reviewed publications, 801 

 Were conducted in the laboratory and greenhouse, and modelling studies (only field studies were selected), 802 

 Were conducted in flooded rice fields, 803 

 Related to grazed soils where urine and/or dung was applied, 804 

 Related to manure or fertilizer treated with inhibitors, and 805 

 Were conducted on drained organic soils. 806 

 807 

The resulting merged database contained 2048 cases reporting soil fluxes of N2O from natural and 808 
anthropogenically modified sites on mineral soils, either fertilized or unfertilized. Climate (Temperate/Boreal Wet, 809 
Temperate/Boreal, Dry Tropical Wet, Tropical Dry) could be assigned to 2033 cases. Wet climates relate to 810 
temperate and boreal zones where the ratio of annual precipitation: potential evapotranspiration > 1, and tropical 811 
zones where annual precipitation > 1000 mm. Dry climates relate to temperate and boreal zones where the ratio of 812 
annual precipitation: potential evapotranspiration < 1, and tropical zones where annual precipitation < 1000 mm. 813 
Temperate, boreal and tropical zones correspond to those defined in Chapter 3 of Vol. 4 in the 2006 IPCC 814 
guidelines. 815 

The updated EF, aggregated and disaggregated by climate, will be developed following further data analysis 816 
including quality control, potential influence of the length of the experiment on EF values, and appropriate 817 
calculation method for the EF. The latest refers to either the average of EF computed using a control site as: 818 

ሺ%ሻܨܧ ൌ 	
ܰ2ܱே	௧௥௘௔௧௠௘௡௧ െ	ܰ2ܱ௖௢௡௧௥௢௟

ݐݑ݌݊݅	ܰ
ൈ100 819 

 820 

Another option is to use a linear regression of N20 emission against N input given the available data. We will test 821 
relationships between EF computed using a control site (EFcontrol) and EF computed without a control site 822 
(EFnocontrol). The advantage of this approach is to increase the sample size for each climate zone and compute 823 
disaggregated EF that integrate the existing variability. 824 

 825 

ሺ%ሻ݈݋ݎݐ݊݋ܿ݋݊ܨܧ ൌ 	
ܰ2ܱே	௧௥௘௔௧௠௘௡௧

ݐݑ݌݊݅	ܰ
ൈ100 826 

 827 
Sources of Data 828 

Albanito, F., Lebender, U., Cornulier, T., Sapkota, T.B., Brentrup, F., Stirling, C., Hillier, J., 2017. Direct nitrous 829 
oxide emissions from tropical and sub-tropical agricultural systems - A review and modelling of emission factors. 830 
Scientific reports 7:44235 | DOI: 10.1038/srep44235. 831 

Cayuela, M.L., Aguilera, E., Sanz-Coben, a.A., Adams, D.C., Abalos, D., Barton, L., Ryals, R., Silver, W.L., 832 
Alfaro, M.A., Pappa, V.A., Smith, P., Garnier, J., Billen, G., Bouwman, L., Bondeau, A., Lassaletta, L., 2017. 833 
Direct nitrous oxide emissions in Mediterranean climate cropping systems: Emission factors based on a meta-834 
analysis of available measurement data. . Agric Ecosyst Environ. 238, 25-35. 835 

Liu, S., Lin, F., Wu, S., Cheng, J., Sun, Y., Jin, Y., Li, S., Li, Z., Zou, J., 2017. A meta-analysis of fertilizer-836 
induced soil NO and combined with N2O emissions. . Global Change Biol. 23, 2520-2532. 837 

Rochette, P., Liang, B.C., Pelster, D., Bergeron, O., Lemke, R., Kroebel, R., MacDonald, D., Yan, W., Flemming, 838 
C., 2017. Soil nitrous oxide emissions from agricultural soils in Canada: exploring relationships with soil, crop 839 
and climatic variables. Agriculture, Ecosystems and Environment (under review). 840 

Stehfest, E., Bouwman, L., 2006. N2O and NO emission from agricultural fields and soils under natural vegetation: 841 
summarizing available measurement data and modeling of global annual emissions. Nutrient Cycling in 842 
Agroecosystems 74, 207-228. 843 

van Lent, J., Hergoualc’h, K., Verchot, L.V., 2015. Soil N2O and NO emissions from land use and land-use change 844 
in the tropics and subtropics: a meta-analysis. Biogeosciences 12, 7299-7313. 845 
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Annex 11A.3 Estimation of Default Emission Factor(s) for 847 

EF1FR 848 

We extracted all studies on paddy rice fields with zero-N control from the databases by Akiyama et al. (2005), 849 
Albanito et al. (2017), and Cayuela et al. (2017). We excluded studies which: 850 

 Were non-peer-reviewed publications, 851 

 Were conducted in the laboratory and greenhouses, and modelling studies (only field studies were selected), 852 

 Were conducted in upland rice fields, 853 

 Were less than 70 days in duration, 854 

 Related to grazed soils where urine and/or dung was applied, and 855 

 Related to manure or fertilizer treated with inhibitors. 856 

The database contained 70 EF1FR values and the arithmetic mean was 0.4%. Water management strongly affects 857 
N2O emission from paddy rice fields (Akiyama et al., 2005). Therefore, aggregated and disaggregated values by 858 
water management were calculated. Arithmetic mean of ‘continuous flooding’ (0.35%, n=44) was lower than ‘with 859 
drainage’ based on these data (0.5%, n=26). 860 

 861 
Sources of data 862 

Akiyama et al., 2005. Direct N2O emission from rice paddy fields: Summary of available data. Glob. Biogeochem. 863 
Cycles, 19(1), art. no. GB1005. 864 

Albanito, F., Lebender, U., Cornulier, T., Sapkota, T.B., Brentrup, F., Stirling, C., Hillier, J., 2017. Direct nitrous 865 
oxide emissions from tropical and sub-tropical agricultural systems - A review and modelling of emission factors. 866 
Scientific reports 7:44235 | DOI: 10.1038/srep44235. 867 

Cayuela, M.L., Aguilera, E., Sanz-Coben, a.A., Adams, D.C., Abalos, D., Barton, L., Ryals, R., Silver, W.L., 868 
Alfaro, M.A., Pappa, V.A., Smith, P., Garnier, J., Billen, G., Bouwman, L., Bondeau, A., Lassaletta, L., 2017. 869 
Direct nitrous oxide emissions in Mediterranean climate cropping systems: Emission factors based on a meta-870 
analysis of available measurement data. . Agric Ecosyst Environ. 238, 25-35.   871 
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Annex 11A.4 Estimation of Default Emission Factor(s) for 872 

EF3PRP 873 

We expanded the dataset recently collated by Cai & Akiyama (2016) by including data from 22 additional studies 874 
(see reference list). We excluded studies which: 875 

 Were non-peer-reviewed publications, 876 

 Were conducted in the laboratory and greenhouses, and modelling studies (only field studies were selected), 877 

 Were conducted in flooded rice fields, 878 

 Included fertiliser (manure or synthetic) additions, 879 

 Were less than 30 days in duration, and 880 

 Related to excreta treated with inhibitors. 881 

 882 

The updated dataset contained 427 EF3 values (Table 11A.1), with urine dominating the data, representing 304 883 
(=71%) of the values. Data was collated from studies where excreta was deposited onto either pasture or forage 884 
crops such as brassicas (e.g. kale, rape) or fodder beets.  885 

Arithmetic mean ‘excreta’ EF3 values were calculated from urine and dung EF3 values, assuming a urine:dung 886 
ratio of 0.66:0.34 (Kelliher et al. 2014). We determined if there were significant differences in excreta EF3 values 887 
between different categories (e.g cattle vs sheep) after the data were log transformed due to the non-normal 888 
distribution thus violating the assumptions for analysis of variance. For the urine dataset, three of the 304 values 889 
were zero or negative, and these three values were deleted for the statistical analysis as it is not possible to calculate 890 
a log of zero or a negative value. The impact of excluding these three values was considered to be minimal for the 891 
purposes of statistical analysis between different categories given the overall size of the dataset. For the dung 892 
dataset, there were many negative values so a log (x + a) approach was adopted to ensure all values were positive 893 
prior to log transformation, where the value of a was 0.25% (the most negative value for dung was 0.23%) 894 

Nitrogen sources were dung, urine and artificial urine. Artificial urine represented a substantial number of data 895 
values (63), adding richness in the dataset. We retained these data, as analysis of studies containing both real and 896 
artificial urine showed a linear correlation between EF3 values, with the distribution close to the 1:1 line (i.e., no 897 
significant difference between the emissions from natural and artificial urine).  898 

Cattle and sheep dung, and urine data were tested for statistical differences. Analysis showed that mean cattle and 899 
sheep dung EF3 values were not significantly different (P = 0.09), however the difference in mean cattle and sheep 900 
urine EF3 values were highly significant (P = 0.001). Therefore, ‘excreta’ EF3 values were calculated for cattle 901 
and sheep by using the pooled dung data and the disaggregated urine data. The updated EF3 values for cattle and 902 
sheep were 0.55% and 0.30%, respectively; this is approximately 30% of the values in the 2006 IPCC guidelines.   903 

Research has shown that increasing soil water content generally results in greater N2O production and emission 904 
from urine patches (de Klein and Ledgard, 2005; van der Weerden et al. 2014). For countries with suitable activity 905 
data to allow disaggregation of livestock classes by climate zones, EF3 data will be classified into two different 906 
climate zones (dry and wet). The division between wet and dry in the tropics will be based on 1000mm of 907 
precipitation (greater than 1000 mm equating with wet/moist climate), and the division in the temperate region 908 
will be based on mean annual precipitation:potential evapotranspiration ratio of 1 (greater than 1 equating with a 909 
wet/moist climate). There is currently insufficient observations in the dataset to allow further climate 910 
disaggregation, but will be further investigated for the second order draft.   911 
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Sources of data 922 
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pattern. Soil Biology & Biochemistry 30, 491-500.  980 
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Annex 11A.5 Estimation of Default Emission Factor(s) for EF4 981 

Will be provided in the second order draft after the analysis is completed.  982 
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Annex 11A.6 Estimation of Default Emission Factor(s) for EF5 983 

We collected peer-reviewed papers, and included data observations that were in situ field studies. The final dataset 984 
contained 182 data observations (EF5g: n=82, EF5r: n=79, EF5e: n=21). 985 

Categorization of EF5g, EF5r and EF5e: 986 

EF5g: groundwater (soil solution and lysimeter leaching water were not included), spring, surface drainage, and 987 
upstream (upstream supersaturated with N2O, N2O emitted mainly from degas of groundwater) 988 

EF5r: rivers, reservoirs (including lake and pond), and downstream (supersaturated N2O was already degassed and 989 
N2O mainly produced by nitrification/denitrification in situ). 990 

EF5e: estuaries (only including inner estuaries or lower reaches of river that are close to the river mouth, while 991 
outer estuaries and coastal seawater are excluded) 992 

We found some confusion on dividing EF5g and EF5r for streams in some studies. Here, we categorized data into 993 
EF5g (upstream supersaturated with N2O, N2O emitted mainly from degassing of groundwater) and EF5r 994 
(downstream, supersaturated N2O was already degassed and N2O mainly produced by nitrification/denitrification 995 
in situ). 996 

Note that the N sources in most rivers include both agricultural (mainly arable farming and grazing grassland) and 997 
urban sewage. However, we found it was hard to separate the different N sources based on the limited information 998 
in the collected papers.  Therefore, our dataset on EF5r includes non-agriculture N source. 999 

Most estuaries are impacted by the urban waste water and fish farming in addition to agriculture. However, all 1000 
available data were included because the number of data were limited. 1001 

 1002 

Sources of data 1003 

To be provided in the second order draft after analysis is completed.  1004 
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Annex 11A.7 Estimation of Default Emission Factor(s) for 1005 

FracGASF 1006 

The Tier 1 aggregated default NH3 + NO EF for emissions from synthetic fertilizer has been derived as a mean of 1007 
default EFs for the different types of individual N fertilizers.  Individual fertilizer types were weighted according 1008 
to their use in the period 2007-2015 as reported by the International Fertilizer Industry Association (IFA) (Table 1009 
11A.2). In contrast to developing countries, developed countries will generally have comprehensive information 1010 
on synthetic fertilizer usage. Therefore, we weighted the data based on developing country usage. Moreover, for 1011 
countries that require inventories for air pollutant emissions, there is a continuous update of NH3 and NO EFS 1012 
through the EMEP/EEA air pollutant emission inventory guidebook.   1013 

Table 11A.2. Fertilizer consumption in developing countries in the period 2007-2015 expressed as thousand tonnes 1014 
nutrients and % of total fertilizer consumed in these countries (source: IFA: http://ifadata.fertilizer.org/ ).   1015 

Fertilizer product 2007-2015 % 
Ammonia dir. applic. 1098 0% 

AS 18443 3% 

Urea 371858 62% 

AN 14231 2% 

CAN 4737 1% 

Nitrogen solutions 1576 0% 

Other N straight 37229 6% 

AP 42854 7% 

Other NP (N) 13345 2% 

N K compound (N) 806 0% 

N P K compound (N) 96907 16% 
 1016 

For disaggregation, we divided all fertilizer usage into 4 types of fertilizer categories based on their basic chemical 1017 
composition: urea, ammonium-based, nitrate-based and ammonium-nitrate-based. For weighting purposes, 1018 
assumptions on chemical compositions had to be considered for different fertilizer types reported by IFA for 1019 
compound fertilizers and for those fertilizers that had not been tested in our experimental datasets. We assumed 1020 
that emissions from these fertilizer types were those obtained from the mean value of a mix of different straight 1021 
fertilizers for different IFA fertilizer products, in the absence of clear statistics on their composition and based on 1022 
qualitative assessments (Table 11A.3). 1023 

Table 11A.3. Assumptions on the potential mix of different IFA fertilizer products 1024 

Fertilizer product Fertilizer Mix  
Ammonia dir. applic. AS, DAP and MAP
Nitrogen solutions AN, CAN 

Other N straight 
urea, AS, AN, CAN, DAP, MAP, nitrate-based, 
UAN 

Other NP (N) 
urea, AS, AN, CAN, DAP, MAP, nitrate-based, 
UAN 

N K compound (N) Nitrate-based 
N P K compound (N)  AS, AN, CAN, DAP, MAP, UAN

 1025 

For NH3, we used the datasets of peer-reviewed studies from the Bouwman et al (2002) meta-analysis and the 1026 
recently published dataset collated by Pan et al (2016). A total number of 273 studies were used, and included 1027 
most of the common fertilizer types. Although data were primarily obtained from studies comparing NH3 1028 
emissions from different fertilizer types, we also included emissions data from other studies that were conducted 1029 
for other purposes (e.g., assessing effect of urease inhibitors, application rate, and amendments) by using the EF 1030 
values from the control treatments. Averaged EF values for each fertilizer type and study is shown in Table 11A.4. 1031 
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Table 11A.4. Emission factors ((% NH3–N) (N applied) –1) from different fertilizer types resulting from two meta-1032 
analysis and number of studies involved in each meta-analysis and used as a weighting factor to derive the final 1033 
EF.  1034 

 % lost as NH3-N number of studies 

Fertilizer Total 
Pan 

et al. (2016) 
Bouwman 

et al. (2002) Total Pan et al. (2016) Bouwman et al. (2002) 

urea 19.4% 18.4% 21.0% 187 113 74 

AS 12.3% 9.2% 18.7% 37 25 12 

AN 2.9% 1.8% 8.1% 23 19 4 

CAN 9.1% 12.5% 2.2% 6 4 2 

DAP 18.4% 21.1% 13.8% 8 5 3 

MAP 14.8% 20.2% 9.4% 2 1 1 

nitrate 2.4% 2.4% 1 1  
UAN 9.4% 5.7% 12.4% 9 4 5 

 1035 

For NOx, we used the dataset of peer-reviewed studies collated by Liu et al. (2017). For the Tier1 EF, we used the 1036 
data from 54 studies (171 field measurements) comprising information on NO emissions by aggregating data from 1037 
all types of fertilizer. To develop the disaggregated NOx EFs, we estimated values that were specific to different 1038 
fertilizer types. The summary of this information is provided in Table 11A.5.   1039 

Table 11A.5. Emission factors ((% NOx–N) (N applied) –1) from different fertilizer types resulting from Liu et al 1040 
(2017) meta-analysis and number of studies and field measurements involved. 1041 

Fertilizer 
% lost as NOx-

N 
number of studies field measurements 

urea 1.13% 22 45 

AS 1.34% 4 11 

AN 3.37% 11 19 

CAN 0.53% 1 1 

nitrate 0.80% 3 5 

UAN 0.28% 2 12 

All fertilizer types 1.18% 54 171 
 1042 

Sources of data 1043 

Meta-analysis (references for individual studies can be obtained from these three articles) 1044 

Bouwman, A.F., Boumans, L.J.M., Batjes, N.H., 2002. Estimation of global NH3 volatilization loss from synthetic 1045 
fertilizers and animal manure applied to arable lands and grasslands. Global Biogeochem. Cycles 16, 8–1. 1046 
https://doi.org/10.1029/2000GB001389 1047 

Liu, S., Lin, F., Wu, S., Ji, C., Sun, Y., Jin, Y., Li, S., Li, Z., Zou, J., 2017. A meta-analysis of fertilizer-induced 1048 
soil NO and combined NO+N2O emissions. Glob Change Biol 23, 2520–2532. 1049 
https://doi.org/10.1111/gcb.13485 1050 

Pan, B., Lam, S.K., Mosier, A., Luo, Y., Chen, D., 2016. Ammonia volatilization from synthetic fertilizers and its 1051 
mitigation strategies: A global synthesis. Agriculture, Ecosystems & Environment 232, 283–289. 1052 
https://doi.org/10.1016/j.agee.2016.08.019  1053 
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Annex 11A.8 Estimation of Default Emission Factor(s) for 1054 

FracGASM 1055 

Review papers on NH3 and NO were collected to derive the fraction of N that is volatilized. Field measurement 1056 
data with manure application and excreta patches were extracted from published literature (see below). Field 1057 
measurement data with chemical N application were excluded from this analysis, as well as studies with a focus 1058 
on mitigation analyses, such as nitrification inhibitors.  1059 

For NH3, a weighted mean (11.8%) was calculated by weighting the results from each of the individual studies by 1060 
their associated number of observations (mean=7.86%, n= 49 for cattle excreta and mean=8.4%, n=7 for sheep 1061 
excreta, Cai & Akiyama (2016); mean=21.2%, n=18 for manure application, IFA & FAO (2001)). For NO, the 1062 
same approach was used to derive the fraction volatilized with a weighted mean (0.43%) (mean=0.08, n=15 for 1063 
cattle excreta, mean=0.078% for sheep excreta, Cai and Akiyama (2016); mean=0.66%, n=34 for manure and 1064 
organic fertilizer application, Liu et al., 2017). The sum of NH3 and NO is 12%, and 95% CI was calculated using 1065 
equation 3.2 in 2006 IPCC guidelines Vol. 1 Chapter 3. 1066 

 1067 

Sources of data 1068 

Cai, Y., Akiyama, H., 2016. Nitrogen loss factors of nitrogen trace gas emissions and leaching from excreta patches 1069 
in grassland ecosystems: A summary of available data. Science of the Total Environment 572, 185-195. 1070 

International Fertilizer Industry Association (IFA) & Food and Agriculture Organization of the United Nations 1071 
(FAO), 2001, Global estimates of gaseous emissions of NH3, NO and N2O from agricultural land, 1072 
http://www.fao.org/docrep/004/y2780e/y2780e00.htm#P-1_0 1073 

Liu, S., Lin, F., Wu, S., Cheng, J., Sun, Y., Jin, Y., Li, S., Li, Z., Zou, J., 2017. A meta-analysis of fertilizer-1074 
induced soil NO and combined with N2O emissions. Global Change Biol. 23, 2520-2532.   1075 
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Annex 11A.9 Estimation of Default Emission Factor(s) for 1076 

FracLEACH-(H) 1077 

Review papers and original research papers on N leaching were collected for this analysis. Only peer-review papers 1078 
were included that used lysmeter field and in-situ field measurements.  Lab studies were excluded, along with 1079 
studies that focused on mitigation options such as nitrification inhibitor were excluded. The final dataset contains 1080 
226 data observations. 1081 

Sources of data 1082 

Cai, Y., Akiyama, H., 2016. Nitrogen loss factors of nitrogen trace gas emissions and leaching from excreta patches 1083 
in grassland ecosystems: A summary of available data. Science of the Total Environment 572, 185-195. 1084 

Di and Cameron, 2002, Nitrate leaching in temperate agroecosystems: sources, factors and mitigating strategies, 1085 
Nutrient Cycling in Agroecosystems 46, 237–256. 1086 

Additional data sources: will be provided in the second order draft after completing the analysis. 1087 

 1088 

 1089 


