Supplementary Table S1. List and overview of published whole-farm modelling studies to study GHG from ruminant systems.
	Model (s) name (s)
	
	Ecomod-suite
	Holos
	FASSET
	FARMGHG

	
	
	Johnson et al., 2008
	Beauchemin et al., 2010, 2011
	Berntsen et al., 2003; Hutchings et al., 2007
	Olesen et al., 2006; Weiske et al., 2006

	Focus region
	
	Australia, New Zealand
	Canada
	Denmark
	Europe

	Production system
	
	ruminants
	Beef
	Ruminants, monogastric
	Dairy

	GHG emissions
	
	
	
	
	

	CH4
	enteric
	f(DM intake) (Clark et al., 2003)
	IPCC (2006) TIER 2
	f(DM, fibre, fat, protein)
	f(DM, fibre, fat, protein)

	
	dung
	
	IPCC (2006)
	IPCC (2006)
	IPCC (2006)

	
	manure
	
	IPCC (2006)
	dynamic
	f(DM, temp, storage time)

	N2O
	soil
	hole in the pipe, f(temp, water, N, C)
	IPCC (2006)
	hole in the pipe, f(temp, water, N, C)
	IPCC (2006)

	
	manure
	
	IPCC (2006)
	IPCC (2006)
	f(storage time)

	C
	soil C seq
	
	Assigned input option
	dynamic
	no

	
	bio-CO2 fluxes
	
	
	dynamic
	empirical

	
	fossil-CO2 fluxes
	
	yes
	no
	yes

	indirect emissions
	NO3-
	dynamic
	yes
	dynamic
	IPCC (2006)

	
	NH3
	yes
	yes
	manure, urine, fertiliser
	manure, urine, fertiliser

	off-farm/secondary emissions
	
	no
	feed, fertiliser, herbicides, etc…
	no
	feed, fertiliser

	general principles
	
	
	
	
	

	type of model
	
	mechanistic, dynamic
	empirical
	mechanistic, dynamic
	empirical

	time-step calculations
	
	daily
	annual
	daily
	daily/month

	economics
	
	no
	no
	only in version 1
	no

	scale
	
	farm
	farm, LCA
	farm
	farm

	animal intake
	
	energy-based
	input
	energy-based
	energy (fixed feed plans)

	manure management
	
	
	f(diet)
	dynamic
	dynamic (monthly)

	grass growth
	
	mechanistic,  different pasture species (e.g. annual or perennial, C3 or C4,  legumes)
	no
	dynamic
	fixed yield

	other crops
	
	several
	yes
	several, dynamic
	several, fixed yield

	grazing
	
	mechanistic (e.g. spatial heterogeneous urine patches)
	yes
	depending on grass availability
	prescribed duration
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	Model (s) name (s)
	 
	FarmSim
	 
	 
	 
	 

	 
	 
	Saletes et al., 2004
	Casey and Holden (2005, 2006)
	Foley et al. (2011)
	Lovett et al. (2006, 2008)
	O´Brien et al. (2011, 2012ab)

	Focus region
	
	France
	Ireland
	Ireland
	Ireland
	Ireland

	Production system
	
	Dairy
	Beef
	Beef
	Dairy
	Dairy

	GHG emissions
	
	
	
	
	
	

	CH4
	enteric
	IPCC (House), mechanistic (grazing)
	f(GE intake; IPCC, 1996)
	f(GE intake (IPCC, 2006); silage/grazed grass proportions)
	f(GE intake (IPCC, 2006); silage/grazed grass proportions)
	f(GE intake (IPCC, 2006); silage/grazed grass proportions)

	
	dung
	mechanistic (grazing)
	f (volume)
	f (volume)
	f (volume)
	f (volume)

	
	manure
	IPCC (2006)Tier 2
	-
	f (volume)
	-
	f (volume)

	N2O
	soil
	mechanistic
	f(N applied; IPCC, 1996)
	f(N applied)
	f(N applied)
	f(N applied)

	
	manure
	IPCC (2006)Tier 2
	f(N excreted; IPCC, 1996)
	f(N applied)
	f(N applied)
	f(N applied)

	C
	soil C seq
	dynamic
	no
	no
	no
	no

	
	bio-CO2 fluxes
	dynamic
	no
	no
	no
	no

	
	fossil-CO2 fluxes
	yes
	yes
	yes
	yes
	yes

	indirect emissions
	NO3-
	yes
	no
	yes
	yes
	yes

	
	NH3
	yes
	no
	yes
	yes
	yes

	off-farm/secondary emissions
	
	e.g. feed, fertiliser
	feed, fertiliser, electricity
	feed, fertiliser, electricity
	feed, fertiliser, electricity
	feed, fertiliser, electricity

	general principles
	
	
	
	
	
	

	type of model
	
	semi-mechanistic
	empirical, static
	empirical, static
	empirical, static
	empirical, static

	time-step calculations
	
	daily
	annual
	annual
	annual
	annual

	economics
	
	no
	no
	yes - linked to bioeconomic model
	yes - linked to bioeconomic model
	yes - linked to bioeconomic model

	scale
	
	farm
	LCA
	LCA
	LCA
	LCA

	animal intake
	
	dynamic (grazing)
	energy and protein
	energy
	energy
	energy

	manure management
	
	
	slurry only
	slurry, manure
	slurry only
	slurry, manure

	grass growth
	
	dynamic (PASIM: Vuichard et al., 2007)
	no; annual yield only
	no; annual yield only
	no; annual yield only
	no; annual yield only

	other crops
	
	dynamic (CERES EGC: Gabrielle et al., 2006)
	no
	no
	no
	no

	grazing
	
	dynamic (PASIM)
	yes
	yes
	yes
	yes
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	Model (s) name (s)
	 
	DairyWise
	OVERSEER
	Hoofprint
	Dairy NZ WFM +Molly + OVERSEER

	 
	 
	Schils et al., 2007a; Schils et al., 2006
	Wheeler et al., 2008
	Sise et al. 2010
	Beukes et al. 2011

	Focus region
	
	The Netherlands
	New Zealand
	New Zealand
	New Zealand

	Production system
	
	Dairy
	Ruminants
	Ruminants
	Dairy

	GHG emissions
	
	
	
	
	

	CH4
	enteric
	EF f (DM intake)
	EF f (DM intake)
	IPPC-TIER2 (NZ specific )
	mechanistic

	
	dung
	EF f (excretion)
	EF f (excretion)
	
	EF f (excretion)

	
	manure
	EF f (manure)
	EF f (surface)
	
	EF f (surface)

	N2O
	soil
	EF f (soil type)
	IPCC (2006)
	TIER 1 (IPCC, 2006) (NZ specific )
	IPCC (2006)

	
	manure
	EF f (excretion)
	IPCC (2006)
	
	IPCC (2006)

	C
	soil C seq
	no
	no
	from forestry
	no

	
	bio-CO2 fluxes
	no
	no
	no
	no

	
	fossil-CO2 fluxes
	yes
	yes
	yes
	yes

	indirect emissions
	NO3-
	yes
	yes
	yes
	yes

	
	NH3
	yes
	yes
	yes
	yes

	off-farm/secondary emissions
	
	e.g. feed, fertiliser, electricity
	e.g. feed, fertiliser, electricity
	e.g. fuel, fertiliser, electricity
	e.g. feed, fertiliser, electricity

	general principles
	
	
	
	
	

	type of model
	
	empirical
	empirical
	empirical
	semi-mechanistic

	time-step calculations
	
	daily, annual
	monthly
	daily, annual
	daily, annual

	economics
	
	yes
	no
	no
	yes

	scale
	
	farm
	farm
	farm
	farm

	animal intake
	
	empirical
	empirical
	demographics and liveweight changes based on animal energy requirements
	each animal is represented by its own detailed submodel

	manure management
	
	slurry, manure
	yes
	
	yes

	grass growth
	
	empirical f(water, N)
	empirical
	
	weather-driven, influences by soil fertility

	other crops
	
	yes (maize)
	yes
	
	yes (e.g. maize and barley)

	grazing
	
	yes
	yes (e.g. pasture utilisation)
	yes
	mechanistic
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	Model (s) name (s)
	 
	HolosNor
	LANDDAIRY+NGAUGE
	SIMSDAIRY
	DAIRYGEM
	ISFM

	 
	 
	Bonesmo et al., 2013
	Del Prado et al. 2013
	Del Prado et al., 2011a
	Rotz et al., 2010
	Rotz et al., 2012

	Focus region
	
	Norway
	Spain
	UK
	USA
	USA

	Production system
	
	cattle
	Dairy
	Dairy
	Dairy
	Cattle

	GHG emissions
	
	
	
	
	
	

	CH4
	enteric
	IPPC (2006)-TIER2
	IPPC (2006)-TIER2
	f(Dmintake, fat intake)
	f(DMI; diet energy, fiber and starch)
	f(DMI; diet energy, fiber and starch)

	
	dung
	IPCC (2006)
	EF f (excretion)
	EF f (excretion)
	f(manure management system, temperature, exposed surface)
	f(manure management system, temperature, exposed surface)

	
	manure
	IPCC (2006)
	IPPC (2006)-TIER2
	EF f (excretion)
	f(manure management system, temperature, exposed surface)
	f(manure management system, temperature, exposed surface)

	N2O
	soil
	IPCC (2006) and f(water, temp)
	hole in the pipe, f(water, N, mineralisation)
	hole in the pipe, f(water, N, mineralisation)
	IPCC (2006)
	Hole-in-the pipe from DAYCENT(Parton et al., 2001)

	
	manure
	IPCC (2006)
	IPCC (2006)
	EF f (management)
	Mostly IPCC tier 2
	Mostly IPCC tier 2

	C
	soil C seq
	yes
	Assigned input option
	no
	Assigned input option
	No

	
	bio-CO2 fluxes
	No
	yes
	no
	Yes
	Yes

	
	fossil-CO2 fluxes
	yes
	yes
	no
	Yes, from fuel use factors
	Yes from simulated fuel use

	indirect emissions
	NO3-
	yes
	yes
	yes
	Considers atmospheric deposition
	Considers atmospheric deposition

	
	NH3
	yes
	yes
	yes
	Yes, detailed process level simulation of all ammonia sources
	Yes, detailed process level simulation of all ammonia sources

	off-farm/secondary emissions
	
	yes (e.g. fertiliser, pesticides…)
	Yes; fuel, electricity, fertiliser, purchased feed, etc.
	yes: fertiliser and purchased feed
	Yes; fuel, electricity, fertiliser, purchased feed, purchased animals, etc.
	Yes; fuel, electricity, fertiliser, purchased feed, purchased animals, etc.

	general principles
	
	
	
	
	
	

	type of model
	
	empirical
	semi-empirical
	semi-empirical
	Dynamic, process simulation
	Dynamic, process simulation

	time-step calculations
	
	annual
	daily/monthly
	daily/monthly
	Mostly daily, some monthly, emissions are often hourly
	Mostly daily, some monthly, emissions are often hourly

	economics
	
	no
	no
	yes
	No
	Yes

	scale
	
	farm
	farm
	farm
	Farm level animal feeding and manure handling
	Whole farm

	animal intake
	
	energy-driven
	input, except for grazing
	energy-driven
	Dynamic function of animal and feed characteristics
	Dynamic function of animal and feed characteristics

	manure management
	
	manure N= f(feed N intake)
	dynamic (monthly)
	dynamic (monthly)
	Daily simulation of handling processes
	Daily simulation of handling processes

	grass growth
	
	
	empirical, f(soil N, climate)
	empirical, f(soil N, climate)
	No
	Dynamic daily simulation of specified multi-species sward

	other crops
	
	yes
	no
	maize
	None, Available feeds provided as input
	Alfalfa, corn, wheat, barley, rye, oats, soybeans

	grazing
	
	yes
	depending on grass availability
	depending on grass availability
	Assigned input feed source
	Yes; simulated monthly feed source


