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1. Baseline and potential mitigation scenarios
[bookmark: _Hlk184641443]Table S1. Processes contribution (kg CO2-eq/kg of liveweight gain) for each scenario
	Name
	Baseline
	NI
	LD
	WC
	AD

	N₂O (soil)
	3.34
	2.25
	5.88
	2.74
	2.90

	CH₄ (EF)
	6.32
	6.32
	6.32
	6.02
	6.32

	N₂O (MM)
	2.27
	2.27
	2.27
	2.17
	

	CH₄  (MM)
	1.14
	1.14
	1.14
	1.03
	

	Ammonium nitrate 
	1.07
	1.07
	2.14
	0.00
	1.07

	SOC accumulation (RCP 2.6)
	-0.55
	-0.55
	-0.90
	-0.56
	-0.51

	SOC accumulation (RCP 8.5)
	-0.49
	



	-0.49
	-0.80
	-0.51
	-0.45

	Rapeseed 
	0.20
	0.20
	0.20
	0.39
	0.20

	CO₂ (lime application)
	0.14
	0.14
	0.28
	0.08
	0.14

	Diesel combustion
	0.08
	0.08
	0.15
	0.26
	0.08

	Transport
	0.14
	0.14
	0.27
	0.06
	0.14

	Other fertilisers (P, K) 
	0.08
	0.08
	0.16
	0.10
	0.08

	Lime production
	0.01
	0.01
	0.03
	0.01
	0.01

	Rye straw
	0.48
	0.48
	0.48
	0.49
	0.48

	Seeds and pesticide


	
	
	0.11
	

	Digestate 
	
	
	
	0.03


NI: nitrification inhibitor scenario; LD: livestock density reduction scenario (by 50%); WC: white clover introduction scenario; AD: anaerobic digestion scenario; EF: enteric fermentation; MM: Manure management

2.  Anaerobic digestion
Table S2. Manure management values for anaerobic digestion manure management scenario
	Parameter
	Baseline
	AD
	  Source

	Ash
	0.08
	0.08
	  Equation 10.24 (IPCC 2019)

	UE
	0.04
	0.04
	

	Dietary GE
	18.45
	18.45
	

	Bo
	0.18
	0.18
	

	MCF(AD)
	17.31
	1
	Updated from IPCC (2019) considering,  Anaerobic Digester, Low leakage, High 
quality gastight storage, best complete 
industrial technology (Table 10.17)

	MCFpasture
	0.47
	0.47
	 Updated from IPCC (2019) considering cool temperate wet climate (Table 10.17)

	C/N for cattle digestate
	
	6.54
	  Hafner et al. (2022) 





3. Nitrification inhibitor
Nitrification Inhibitor Dicyandiamide (DCD): Since DCD is made from Cyanamide. The latter is produced by hydrolysis of calcium cyanamide, which in turn is prepared from calcium carbide via the Frank-Caro process”. Therefore, given the non-availability of data on DCD, it was referred to Calcium carbide as a proxy for DCD (Ecoinvent database).
The amount needed per kg of DCD, and thus Calcium carbide, was calculated by stoichiometry. 
CaC2 + N2 = CaCN2 + C (Calcium carbide CaC2 reacts with nitrogen at high temperature to form calcium cyanamide CaCN2)
Since the recommendation is to use 10 kg/ha from DCD. For 21.6 ha, 216 kg are needed as DCD, equivalent by stoichiometry to 172.8 kg of Calcium carbide.

The transport needed for transporting 1kg of Calcium carbide, as defined in Ecoinvent database is as follows :
	Transport, freight train {RER}| market group for transport, freight train | Cut-off, U
	0.0438
	tkm

	Transport, freight, inland waterways, barge {RER}| market for transport, freight, inland waterways, barge | Cut-off, U
	0.0219
	tkm

	Transport, freight, lorry, unspecified {RER}| market for transport, freight, lorry, unspecified | Cut-off, U
	0.1713
	tkm



The emissions estimated from DCD, using SimaPro presented 0.038 kg CO2-eq/kg of liveweight gain.

4. White clover introduction
Table S3. Inventory for material inputs for the system with white clover introduction
	 Input
	Unit
	WC

	Area
	ha
	20.85

	Fertiliser area
	ha
	20.52

	FYM area
	ha
	17.97

	Yield
	kg DM/ha
	10161

	Fertiliser
	
	

	N
	kg
	0

	P
	kg
	400

	K
	kg
	877

	Lime
	kg
	2100

	Rapeseed expeller
	kg
	3875

	Straw
	kg
	39284

	Transport
	
	

	Rapeseed (road)
	tkm
	89

	Straw (road)
	tkm
	2459

	Fertiliser (road)
	tkm
	1445

	Pasture quality
	
	

	DE
	%
	76.62

	CP
	%
	22.77

	Silage quality
	
	

	DE
	%
	68.94

	CP
	%
	13.06


Where FYM is Farmyard manure, DE is digestibility and CP is Crude Protein

5. Uncertainty analysis
	Table S4. Distributions of uncertainty parameters assumed in Monte Carlo simulations, as in McAuliffe (2018)

	Emission source
	Uncertainty
	Distribution
	Reference
	

	Animal/housing
	 
	 
	IPCC (2019)
	

	Methane (EF and MM)
	± 20 %
	Triangular
	
	

	Nitrous oxide (direct MM)
	SD2 = 2
	Lognormal
	
	

	Nitrous oxide (indirect MM leaching)
	-1500%/333%
	Triangular
	
	

	Nitrous oxide (indirect MM volatilisation)
	SD2 = 5
	Lognormal
	
	

	Pasture
	
	
	IPCC (2019)
	

	Nitrous oxide (direct)
	SD2 = 3
	Lognormal
	
	

	Nitrous oxide (indirect leaching)
	-1500%/333%
	Triangular
	
	

	Nitrous oxide (indirect volatilisation)
	SD2 = 5
	Lognormal
	
	

	Carbon dioxide (lime)
	-50%/0%
	Triangular
	 
	



6. SOC 	changes
Table S5. Changes in soil organic carbon stocks (Mg C ha-1) for a combination of climate scenarios (RCP 2.6, RCP 8.5) and management scenarios (Baseline, NI, AD, LD, WC)
	
	Initial SOC stocks
	Final SOC stocks
	Annual SOC change rate

	Baseline-RCP 2.6
	53.8
	71.3
	0.20

	NI-RCP 2.6
	53.8
	71.3
	0.20

	AD-RCP 2.6
	53.8
	69.0
	0.18

	LD-RCP 2.6
	53.8
	66.3
	0.14

	WC-RCP 2.6
	40.3
	69.0
	0.33

	Baseline-RCP 8.5
	53.8
	68.5
	0.17

	NI-RCP 8.5
	53.8
	68.5
	0.17

	AD-RCP 8.5
	53.8
	66.3
	0.14

	LD-RCP 8.5
	53.8
	63.7
	0.11

	WC-RCP 8.5
	40.3
	66.3
	0.30


NI: nitrification inhibitor scenario; LD: livestock density reduction scenario (by 50%); WC: white clover introduction scenario; AD: anaerobic digestion scenario


 

