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CO2 emissions from urea, lime and dolomite applications
Field applications of urea and lime lead to CO2 emissions of fossil origin, which need to be accounted for. The EFs are taken from IPCC (2019) and are based on the C contents of urea and lime, assuming a complete decomposition in the soil and conversion to CO2 (Table 1).
Table1: CO2 emission factors for urea, lime and dolomite applications. Source: IPCC (2019)
	Application of
	Emission factor

	Urea
	1.57
	kg CO2/kg N

	Lime (CaCO3)
	0.44
	kg CO2/kg CaCO3

	Lime (CaCO3) and Ca content in dolomite (CaMgC2O6)
	1.1
	kg CO2/kg Ca

	Mg in dolomite (CaMgC2O6)
	2.15
	kg CO2/kg Mg



CO2-emissions from organic soils
Drained organic arable soils, defined as soils with a humus content > 30%, are substantial sources of CO2. The current GHG emissions from organic soils in Switzerland (area: 28’000 ha; thereof 11’700 ha arable land) amount to about 6*105 t CO2eq. a-1 (thereof 4.06*105 t CO2eq. a-1 arable land) (BAFU (2015) and Wüst, 2020, pers. comm.). These GHG emissions correspond to about 10% of total emissions from the agricultural sector. It is thus crucial to consider these CO2 emissions in SALCA. 
The most important factor influencing the level of CO2 emissions is the depth of the water table (WT). The closer the water table is to the soil surface (the wetter the soil), the better the organic substance can be conserved in the soil. Therefore, draining soils leads to a substantial release of CO2.
According to Tiemeyer et al. (2020), CO2 emissions from organic soils as a function of WT can be approximated by the Gompertz Equation (Eq.1):



where CO2-Cmin (=-0.93 t C ha-1 a-1) is the lower asymptote, CO2-Cdiff (=11.0 t C ha-1 a-1) the difference between upper and lower asymptote, while a=7.52 and b=12.97m-1 are fitting parameters. The Gompertz function describes a shaped (sigmoid) curve with growth being slowest at the start and end of a given range. We apply Eq. 1 for WT depth less than 0.6m below the surface. For well-drained soils, i.e. for water tables below 0.6m soil depth, the emission factor EF_CO2 (corresponding to the term CO2-C in Eq. 1) for arable land and managed grassland is set to EF_CO2 =9.52 t C ha-1 a-1, following Leifeld et al. (2003, 2005). In order to avoid a step function at WT =0.6m, we calibrated the function given in Eq. 1 to guarantee a smooth function for CO2-C at WT =0.6m. Negative EF_CO2 are set to 0.

Emission factors for transformation between different grassland types
Wüst-Galley et al. (2020) used the Rothamsted Carbon (RothC) model (Coleman et al. 1997) to estimate changes in soil organic carbon (SOC) stocks for mineral soils (topsoil, 0-30cm) on permanent grassland. The authors provide simulation results for 19 relevant crops and six agricultural grassland categories that are presented as weighted means. Further, detailed results are given for 10 clay classes and 24 strata.  Here, only grassland will be considered.
The strata relate to a combination of four agricultural zones (valley region, hill region, mountain region, and summer pasture zone)  and five production regions from the national forest inventory (Jura, Central plateau, pre-Alps, Alps, and southern Alps). Since variations in temperature and precipitation within the mountain production region is very high, the mountain production region is split into “drier mountains” and “wetter mountains”. The 10 clay classes are (i) clay loam, (ii) loam, (iii) loamy sand, (iv) mire/raised bog peat, (v) sand, (vi) sandy clay, (vii) sandy clay loam), (viii) silty clay, (ix) silty clay loam and (x) sandy loam as given in Wüst-Galley et al. (2020), Table 6.
These results allow to estimate the soil carbon sequestration potential of different grassland types related to changes in the intensity of management, different regions and different clay contents. In order to avoid the influence of short-term variations we use simulated 5-year averages of SOC in order to derive the sink / source potential under land use change. The six grassland categories along with the fertiliser limits are provided in Table 2.
Within SALCA, SOC stocks, simulated with the RothC model, are used to derive positive/ negative C-emissions for transformations between the six above given grassland categories, different regions and clay contents. RothC is a relatively simple model that does not represent certain soil processes such as feedback due to microbial processes or nutrient cycles other than the carbon cycle. It was, however, the best-performing model given the available data for Switzerland, considering also temporal resolution (Wüst-Galley et al. 2020). The SOC stock change calculations are carried out at a regional scale, using regions (= strata) with similar climate and clay content. This relatively coarse scale means that the application at the farm scale should be treated with the appropriate caution. On the other hand, it should be noted that Moll-Mielewczik et al. (2023) used the same model system to simulate SOC from 24 grassland sites that had been sampled 5-6 times over 30 years. The authors concluded that the measured and the modelled SOC time series agree well. For illustrative purpose, the simulated differences in SOC amounts for the six agricultural zones between EM and IM are displayed in Fig.1.

Table 2: Summary of fertiliser regime of the six grassland categories.
	Grassland category
	Fertiliser limits

	extensively-managed meadow (EM) 
	[bookmark: _Ref136013996]No fertilisation, in accordance with legislation[footnoteRef:1] [1:  Verordnung über die Direktzahlungen an die Landwirtschaft (Direktzahlungsverordnung, DZV); SR 910.13: https://www.admin.ch/opc/de/classified-compilation/20130216/index.html; in German, French and Italy.] 


	extensively-managed pasture (EP)
	No organic amendments (except that from grazing animals), in accordance with legislation1 

	less-intensively managed meadow (LM)                
	Relative nutrient requirements differ by strata, according to elevation as given in Richner and Sinaj (2017); fertilisation limited to stacked manure and deep litter, and to equivalent of 30kg N ha-1 yr-1 once a year in accordance with legislation1

	intensively-managed meadow (IM)
	Relative nutrient requirements an average of those for ‘intensively-‘ and ‘mid-intensively’ managed meadows; requirements differ by strata, according to elevation as given in Richner and Sinaj (2017)

	intensively-managed pasture (IP)                             
	Typical (relative) livestock unit capacity average of that for ‘intensively-‘, ‘mid- intensively’, and ‘less-intensively’ managed pastures; livestock unit capacity differs by strata, according to elevation as given in Richner and Sinaj (2017)

	summer pasture (SU)                                                   
	No organic amendments (except that from grazing animals) assumed, in accordance with legislation1



Simulated data clearly reveal that differences of SOC stocks between different grassland categories are significant and should thus not be ignored. Further, data analysis revealed that it is feasible to describe the differences in SOC stocks between grassland categories as a function of the clay content. The best fit can be obtained by fitting a decay function F (Eq.2):
	
where cc the clay content [%], and b, A, parameters to be fitted.
For regions outside Switzerland, an aggregation of the values of different geographic regions will be considered as described below.
For applications outside of Switzerland, we suggest to aggregate the above model results to national averages. Area-averaging, ignoring Southern Alps and Summer pastures due to missing and/or unreliable data, leads to the differences in C-stocks as displayed in Table 2. Specific area of the six grassland categories for the above defined strata (production region x valley/hill/mountain region) have been kindly provided by C. Wüst-Galley (Agroscope). More details can be found in FOEN (2022) and Wüst-Galley et al. (2020). Table 3 shows, e.g., that the C-stocks of EM are 7.59 t C ha-1 and 5.65 t C ha-1 lower than the C-stocks of IM and IP, respectively.
[image: ]
Figure 1: Simulated differences (EM minus IM) of SOC stocks for the six production regions. Results for valley, hill and mountain regions are displayed in separated panels. Model: RothC. EM= extensively-managed meadow; IM= intensively-managed meadow. Note that the data represent preliminary results.
Table 3: National Swiss average of differences between simulated SOC stocks in five grassland categories. For abbreviations, see Table 2, summer pasture (SU) was ignored due to unreliable/ missing data). Unit: t C ha-1. Convention for minuend and subtrahend: First row displays the difference EP minus EM, LM minus EM, IP minus EM, and IM minus EM.
	
	
	Conversion to

	
	
	EM
	EP
	LM
	IP
	IM

	Conversion from
	EM
	0
	0.78
	4.04
	5.63
	7.65

	
	EP
	-0.78
	0
	3.26
	4.85
	6.88

	
	LM
	-4.04
	-3.26
	0
	1.59
	3.61

	
	IP
	-5.63
	-4.85
	-1.59
	0
	2.02

	
	IM
	-7.65
	-6.88
	-3.61
	-2.02
	0



From these simulated C-stock the emission factors (EFs) between different grassland categories can then be simply derived by dividing the simulated C-stock changes over the default period of 20 years.
Emission factors for conversion between grassland and cropland (mineral soils)
For Tier1, soil organic C stock changes for mineral soils for land-use conversion to cropland are computed from the initial (pre-conversion) soil organic C stock and the last year of the inventory time period. Default reference soil organic C stocks are taken from IPCC (2019). Annual rates of stock changes are estimated as the difference in stocks (over time) divided by the time dependence of the cropland stock change factors (default is 20 years).
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