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Table S1 Criteria for setting the implementation rate of mitigation measures in the pig production system
	Option 
	Determination criteria
	Range

	LCP
	IF feed CP content (%)
	x<18%
	18%x<22%
	22%

	
	Adoption rate
	20-40%
	40-60%
	60-80%

	Dietary
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	[bookmark: _Hlk138167671][bookmark: _Hlk135418336]Floor
	Temperature (℃)
	x<10℃
	10℃ <20℃
	20℃

	
	Backyard
	10-20%
	40-60%
	20-40%

	
	Intermediate
	20-40%
	60-80%
	40-60%

	
	Industrial
	40-60%
	80-100%
	60-80%

	Airclean
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Low-income nation
	-
	20-40%
	40%

	
	Lower-middle-income nation
	-
	40-60%
	60%

	
	Upper-middle-income nation
	-
	60-80%
	80%

	
	High-income nation
	-
	80-100%
	100%

	Removal
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Low-income nation
	0-20%
	20-40%
	40%

	
	Lower-middle-income nation
	20-40%
	40-60%
	60%

	
	Upper-middle-income nation
	40-60%
	60-80%
	80%

	
	High-income nation
	60-80%
	80-100%
	100%

	Turn
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Low-income nation
	-
	20-40%
	40%

	
	Lower-middle-income nation
	-
	40-60%
	60%

	
	Upper-middle-income nation
	-
	60-80%
	80%

	
	High-income nation
	-
	80-100%
	100%

	Aeration
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Low-income nation
	-
	20-40%
	40%

	
	Lower-middle-income nation
	-
	40-60%
	60%

	
	Upper-middle-income nation
	-
	60-80%
	80%

	
	High-income nation
	-
	80-100%
	100%

	Cover
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Additive
	Livestock farming size
	Backyard
	Intermediate
	Industrial

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Deep
	Cropland N input density (kg N/ha/yr)
	x<200
	200<500
	x>500

	
	Low-income nation
	20-30%
	30-40%
	40%

	
	Lower-middle-income nation
	40-50%
	50-60%
	60%

	
	Upper-middle-income nation
	60-70%
	70-80%
	80%

	
	High-income nation
	80-90%
	90-100%
	100%

	Inhibitor
	Fertilizer N application rate
	x<100
	100<300
	x>300

	
	Adoption rate
	50-70%
	70-90%
	90-100%

	Digestate
	Fertilizer N application rate
	x<100
	100<300
	x>300

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Irrigation
	Crop N harvest rate
	x<50
	50<90
	x>90

	
	Adoption rate
	35-50%
	15%-35%
	0-15%




Table S2 Criteria for setting the implementation rate of mitigation measures in the chicken production system
	Option 
	Determination criteria
	Range

	LCP
	IF feed CP content (%)
	<19%
	19%x<23%
	23%

	
	Adoption rate
	20-40%
	40-60%
	60-80%

	Dietary
	Livestock production system
	Backyard chicken
	Industrial layer
	[bookmark: OLE_LINK2]Industrial broiler

	
	Adoption rate
	40-60%
	60-80%
	70-90%

	Bed
	Temperature
	x<10℃
	10℃ <20℃
	20℃

	
	Backyard
	40-60%
	20-40%
	10-20%

	
	Industrial layer
	55-75%
	35-55%
	15-35%

	
	Industrial broiler
	60-80%
	40-60%
	20-40%

	Floor
	Temperature
	x<10℃
	10℃ <20℃
	20℃

	
	Backyard
	10-20%
	40-60%
	20-40%

	
	Industrial layer
	40-60%
	80-100%
	60-80%

	
	Industrial broiler
	20-40%
	60-80%
	40-60%

	Airclean
	Livestock production system
	Backyard chicken
	Industrial layer
	Industrial broiler

	
	Low-income nation
	-
	20-40%
	20-30%

	
	Lower-middle-income nation
	-
	40-60%
	30-50%

	
	Upper-middle-income nation
	-
	60-80%
	50-70%

	
	High-income nation
	-
	80-100%
	70-90%

	Removal
	Livestock production system
	Backyard chicken
	Industrial layer
	Industrial broiler

	
	Low-income nation
	0-20%
	20-40%
	-

	
	Lower-middle-income nation
	20-40%
	40-60%
	-

	
	Upper-middle-income nation
	40-60%
	60-80%
	-

	
	High-income nation
	60-80%
	80-100%
	-

	Turn
	Livestock farming size
	Backyard chicken
	Industrial layer
	Industrial broiler

	
	Low-income nation
	-
	20-40%
	20-40%

	
	Lower-middle-income nation
	-
	40-60%
	40-60%

	
	Upper-middle-income nation
	-
	60-80%
	60-80%

	
	High-income nation
	-
	80-100%
	80-100%

	Aeration
	Livestock farming size
	Backyard chicken
	Industrial layer
	Industrial broiler

	
	Low-income nation
	-
	20-40%
	30-40%

	
	Lower-middle-income nation
	-
	40-60%
	50-60%

	
	Upper-middle-income nation
	-
	60-80%
	70-80%

	
	High-income nation
	-
	80-100%
	90-100%

	Cover
	Livestock production system
	Backyard chicken
	Industrial layer
	Industrial broiler

	
	Adoption rate
	40-60%
	60-80%
	60-80%

	Additive
	Livestock production system
	Backyard chicken
	Industrial layer
	Industrial broiler

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Deep
	Cropland N input density (kg N/ha/yr)
	x<200
	200<500
	x>500

	
	Low-income nation
	20-30%
	30-40%
	40%

	
	Lower-middle-income nation
	40-50%
	50-60%
	60%
	
	

	
	Upper-middle-income nation
	60-70%
	70-80%
	80%
	
	

	
	High-income nation
	80-90%
	90-100%
	100%
	
	

	Inhibitor
	Fertilizer N application rate
	x<100
	100<300
	x>300
	
	

	
	Adoption rate
	50-70%
	70-90%
	90-100%
	
	

	Digestate
	Fertilizer N application rate
	x<100
	100<300
	x>300
	
	

	
	Adoption rate
	40-60%
	60-80%
	80-100%
	
	

	Irrigation
	Crop N harvest rate
	x<50
	50<90
	x>90
	
	

	
	Adoption rate
	35-50%
	15%-35%
	0-15%





Table S3 Criteria for setting the implementation rate of mitigation measures in the beef cattle production system
	Option 
	Determination criteria
	Range

	LCP
	IF feed CP content (%)
	x<12%
	12%x<14%
	%

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Floor
	Temperature
	x<10℃
	10℃ <20℃
	20℃

	
	Grazed production system
	0-5%
	10-20%
	5-10%

	
	Mixed production system
	20-40%
	60-80%
	40-60%

	
	Feedlot production system
	40-60%
	80-100%
	60-80%

	Airclean
	Livestock production system
	Grazed 
	Mixed
	Feedlot

	
	Low-income nation
	-
	10-20%
	20-40%

	
	Lower-middle-income nation
	-
	20-40%
	40-60%

	
	Upper-middle-income nation
	10-20%
	40-60%
	60-80%

	
	High-income nation
	20-30%
	60-80%
	80-100%

	Removal
	Livestock production system
	Grazed 
	Mixed
	Feedlot

	
	Low-income nation
	0-5%
	10-20%
	20-40%

	
	Lower-middle-income nation
	5-10%
	20-40%
	40-60%

	
	Upper-middle-income nation
	10-20%
	40-60%
	60-80%

	
	High-income nation
	20-40%
	60-80%
	80-100%

	Cover
	Livestock production system
	Grazed 
	Mixed
	Feedlot

	
	Adoption rate
	10-40%
	40-80%
	80-100%

	Additive
	Livestock production system
	Grazed 
	Mixed
	Feedlot

	
	Adoption rate
	10-40%
	40-80%
	80-100%

	
	
	
	
	

	Deep
	Cropland N input density (kg N/ha/yr)
	<200
	200<500
	x>500

	
	Low-income nation
	20-30%
	30-40%
	40%

	 
	Lower-middle-income nation
	40-50%
	50-60%
	60%

	
	Upper-middle-income nation
	60-70%
	70-80%
	80%

	
	High-income nation
	80-90%
	90-100%
	100%

	Inhibitor
	Fertilizer N application rate
	<100
	100<300
	x>300

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Grazing
	DPR
	x<0.4
	<0.8
	x>0.8

	
	Adoption rate
	80-100%
	60-80%
	40-60%





Table S4 Criteria for setting the implementation rate of mitigation measures in the dairy cattle production system
	Option 
	Determination criteria
	Range

	Dietary
	Livestock production system
Adoption rate
	Grazed
60-80%
	Mixed
80-100%

	Bed
	Temperature
	x<10℃
	10℃ <20℃
	20℃

	
	Grazed production system
	10-20%
	5-10%
	0-5%

	
	Mixed production system
	60-80%
	40-60%
	20-40%

	Floor
	Temperature
	x<10℃
	10℃ <20℃
	20℃

	
	Grazed production system
	0-5%
	10-20%
	5-10%

	
	Mixed production system
	20-40%
	60-80%
	40-60%

	Airclean
	Income group
	Low-income
	Lower-middle-income
	Upper-middle-income
	High-income 

	
	Grazed production system
	-
	-
	10-20%
	20-30%

	
	Mixed production system
	10-20%
	20-40%
	40-60%
	60-80%

	Removal
	Income group
	Low-income
	Lower-middle-income
	Upper-middle-income
	High-income 

	
	Grazed production system
	0-5%
	5-10%
	10-20%
	20-40%

	
	Mixed production system
	10-20%
	20-40%
	40-60%
	60-80%

	Cover
	Income group
	Grazed
	Mixed

	
	Grazed production system
	10-40%
	40-80%

	Additive
	Livestock production system
	Grazed
	Mixed

	
	Adoption rate
	10-40%
	40-80%

	Deep
	Cropland N input density (kg N/ha/yr)
	<200
	200<500
	x>500

	
	Low-income nation
	20-30%
	30-40%
	40%

	
	Lower-middle-income nation
	40-50%
	50-60%
	60%

	
	Upper-middle-income nation
	60-70%
	70-80%
	80%

	
	High-income nation
	80-90%
	90-100%
	100%

	Inhibitor
	Fertilizer N application rate
	<100
	100<300
	x>300

	
	Adoption rate
	40-60%
	60-80%
	80-100%

	Grazing
	DPR
	x<0.4
	<0.8
	x>0.8

	
	Adoption rate
	80-100%
	60-80%
	40-60%





Table S5 Cost Description of Various Livestock Management Measures 
	Option
	Details
	Implementation cost
	ref

	LCP
	Lower crude protein intake
	This approach can simultaneously enhance feed efficiency and lower certain feed costs. However, to ensure the nutritional quality of the feed, the addition of synthetic amino acids becomes necessary, which might incur an increase in feed costs.
	1, 2

	Dietary
	Dietary additive to feed intake
	The primary cost involves the expenses associated with feed additives, although the incorporation of these additives leads to a significant reduction in feed intake, thus decreasing feed consumption costs. Generally, costs exhibit a negative trend.
	3

	Bed
	Suitable bedding materials
	The costs encompass various bedding material expenses and labor costs, encompassing the costs of wood shavings, straw, and other bedding materials. These costs need to be converted to the per-head annual application cost. Furthermore, bedding materials can serve as a resourceful means of utilizing manure and generating benefits in terms of substituting fertilizers.
	4-6

	Floor
	Floor management
	The costs encompass investment, labor, and operational expenses associated with various flooring types. However, the cost of manure removal is not included in these calculations.
	7, 8

	Removal
	Managing manure removal frequency
	The cost considerations encompass the construction expenses and operational maintenance costs of manure removal systems, including repair supplies, operating labor, and electricity costs. The construction expenses are depreciated over the years for annual calculation.
	9

	Airclean
	Air-cleaning equipment such as biofilters
	The costs associated with this method primarily encompass installation expenses, material costs (including chemical reagents, acidic agents, or microbial materials as NH3 absorbents), labor costs, and maintenance costs (involving resources such as water and electricity). Typically, the installation has an expected lifetime of 10 years.
	10-13

	Turn
	Managing turning frequency in manure composting
	The expenses encompass the investment in compost turners, labor costs, and operational expenditures (such as energy consumption). Workers are responsible for operating the compost turning machinery.
	based on market prices

	Aeration
	Adjusting aeration modes
	
The costs associated with aeration ponds encompass construction and installation (including aerators, electrical systems, and piping), as well as labor and operational expenses (power consumption, etc.). These aspects involve significant initial investments, which makes this approach less applicable to backyard farming systems due to their higher upfront costs.
	14-16

	Cover
	Storage covers for slurry manure
	The costs primarily encompass material expenses for the covering and labor costs. Generally, the longevity of covering materials may last three to five years.
	17-19

	Additive
	Physical, chemical, and biological addictive for manure composting
	The costs primarily encompass material expenses for additives, with significant disparities in the costs of various materials; therefore, the average cost of different materials is calculated. Certain materials, such as apple pomace, essentially incur negligible costs. Commonly used additives include lignite, sodium bisulfate, and biochar. Simultaneously, this approach enhances the nutrient content of returned manure, leading to the generation of benefits equivalent to substituting chemical fertilizers.
	20-24

	Deep
	Deep placement or incorporation or injection of manure
	The costs primarily encompass machinery operational expenses, material and equipment costs (shallow tines), as well as labor costs. Concurrently, this approach allows for reduced nitrogen fertilizer application, resulting in corresponding cost savings.
	25

	Inhibitor
	Inhibitors and other additives for manure application
	Costs primarily encompass material expenses and labor costs for inhibitors. Additionally, due to the enhanced nitrogen utilization of manure, potential benefits arise from the substitution of synthetic fertilizers.
	26, 27

	Digestate
	Applicating digested manure
	Anaerobic digestion is generally considered a storage-phase measure, hence its associated costs should not be factored into the application phase. It can be regarded as an ancillary product resulting from the earlier composting measures implemented.
	

	Irrigation
	Optimal irrigation.
	This encompasses techniques of integrated water and manure management, such as drip irrigation methods. The costs primarily encompass mechanical operations, drip tape expenses, labor costs, among others. Through optimized irrigation practices, significant reduction in water wastage can be achieved, leading to a negative cost implication.
	28, 29

	Grazing
	Managing grazing period for grazing livestock
	The primary focus is on farm management costs. The costs associated with these measures were computed by utilizing standard farm management cost data, reflecting the expenses incurred by farmers in implementing these measures.
	30





Table S6 Total costs for each measure for all livestock (Million USD)
	Countries
	LCP
	Dietary
	Bed
	Floor
	Removal
	Airclean
	Turn
	Aeration
	Cover
	Additive
	Deep
	Inhibitor
	Digestate
	Irrigation
	Grazing

	Afghanistan
	13
	-155
	41
	29
	9
	15
	0
	0
	0
	26
	0
	19
	0
	-1
	1

	Albania
	2
	-77
	5
	3
	3
	7
	0
	1
	0
	11
	0
	15
	0
	-1
	1

	Algeria
	24
	-223
	14
	11
	12
	28
	0
	37
	0
	31
	0
	30
	0
	-2
	5

	Angola
	48
	-31
	5
	16
	19
	24
	0
	1
	0
	10
	0
	9
	0
	-1
	1

	Antigua and Barbuda
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Argentina
	529
	-1078
	31
	346
	395
	752
	2
	566
	1
	183
	0
	326
	0
	-15
	53

	Australia
	218
	-325
	13
	104
	253
	464
	1
	98
	1
	72
	0
	102
	0
	-12
	20

	Austria
	23
	-146
	6
	4
	19
	30
	0
	118
	1
	24
	0
	28
	0
	-2
	1

	Azerbaijan
	13
	-182
	24
	21
	23
	46
	0
	17
	0
	25
	0
	26
	0
	-1
	3

	Bahamas
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0

	Bahrain
	1
	-1
	1
	0
	1
	3
	0
	1
	0
	0
	0
	0
	0
	0
	0

	Bangladesh
	236
	-108
	62
	164
	144
	294
	0
	0
	0
	49
	0
	22
	0
	-12
	1

	Barbados
	1
	-1
	0
	0
	1
	1
	0
	3
	0
	0
	0
	0
	0
	0
	0

	Belarus
	41
	-683
	38
	15
	40
	77
	1
	32
	2
	114
	0
	118
	0
	-6
	6

	Belgium
	42
	-188
	9
	26
	40
	68
	1
	261
	3
	43
	0
	42
	0
	-5
	2

	Belize
	1
	-1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	Benin
	16
	-13
	6
	13
	12
	21
	0
	0
	0
	4
	0
	4
	0
	0
	0

	Bermuda
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Bhutan
	1
	-5
	2
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0

	Bolivia
	121
	-79
	15
	24
	32
	43
	0
	36
	0
	18
	0
	27
	0
	-3
	5

	Bosnia and Herzegovina
	6
	-56
	4
	4
	5
	10
	0
	1
	0
	8
	0
	10
	0
	-1
	1

	Botswana
	6
	-24
	1
	2
	4
	8
	0
	0
	0
	3
	0
	5
	0
	0
	0

	Brazil
	2251
	-3926
	224
	1118
	1787
	3451
	11
	2095
	9
	711
	0
	1106
	0
	-104
	203

	Brunei Darussalam
	3
	-1
	1
	1
	2
	5
	0
	1
	0
	1
	0
	0
	0
	0
	0

	Bulgaria
	5
	-82
	4
	5
	5
	9
	0
	5
	0
	13
	0
	13
	0
	-2
	1

	Burkina Faso
	76
	-65
	13
	42
	19
	30
	0
	0
	1
	26
	0
	12
	0
	-6
	1

	Burundi
	6
	-7
	2
	4
	2
	3
	0
	0
	0
	2
	0
	1
	0
	0
	0

	Cambodia
	29
	-13
	2
	15
	14
	24
	0
	4
	0
	7
	0
	4
	0
	-1
	0

	Cameroon
	54
	-23
	4
	14
	17
	19
	0
	0
	0
	8
	0
	7
	0
	-1
	1

	Canada
	144
	-453
	36
	52
	173
	313
	2
	782
	6
	152
	0
	73
	0
	-20
	3

	Central African Republic
	34
	-9
	1
	8
	4
	4
	0
	0
	0
	6
	0
	6
	0
	0
	1

	Chad
	239
	-21
	5
	102
	46
	71
	0
	0
	0
	26
	0
	27
	0
	0
	2

	Chile
	49
	-125
	27
	11
	46
	90
	1
	214
	1
	30
	0
	23
	0
	-8
	2

	China
	2308
	-7183
	955
	541
	1341
	2584
	23
	6169
	92
	2220
	0
	1360
	0
	-453
	66

	Colombia
	249
	-308
	39
	136
	219
	424
	1
	491
	1
	59
	0
	64
	0
	-17
	8

	Cook Islands
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Costa Rica
	10
	-46
	5
	5
	9
	19
	0
	42
	0
	6
	0
	12
	0
	-2
	1

	Côte d'Ivoire
	23
	-9
	7
	8
	9
	18
	0
	0
	0
	5
	0
	3
	0
	-1
	0

	Croatia
	9
	-58
	3
	5
	7
	13
	0
	22
	1
	11
	0
	12
	0
	-1
	1

	Cuba
	40
	-58
	4
	22
	33
	61
	0
	0
	0
	12
	0
	13
	0
	-7
	2

	Cyprus
	2
	-26
	0
	1
	1
	2
	0
	7
	0
	3
	0
	4
	0
	0
	0

	Czechia
	15
	-108
	7
	4
	17
	29
	0
	28
	0
	16
	0
	16
	0
	-2
	1

	Democratic Republic of the Congo
	12
	-4
	1
	3
	2
	2
	0
	0
	0
	2
	0
	1
	0
	0
	0

	Denmark
	63
	-229
	15
	14
	44
	68
	0
	378
	4
	46
	0
	37
	0
	-3
	2

	Dominica
	0
	-1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Dominican Republic
	50
	-95
	17
	23
	38
	85
	0
	119
	0
	15
	0
	20
	0
	-3
	1

	Ecuador
	58
	-185
	18
	27
	45
	96
	0
	112
	0
	24
	0
	49
	0
	-5
	6

	Egypt
	30
	-447
	24
	19
	19
	44
	1
	35
	0
	101
	0
	84
	0
	-15
	9

	El Salvador
	8
	-41
	3
	4
	4
	8
	0
	24
	0
	6
	0
	6
	0
	-1
	1

	Eritrea
	11
	-10
	4
	8
	3
	5
	0
	0
	0
	2
	0
	2
	0
	0
	0

	Estonia
	3
	-26
	2
	1
	3
	6
	0
	11
	0
	3
	0
	3
	0
	0
	0

	Ethiopia
	513
	-389
	72
	366
	164
	297
	0
	0
	0
	61
	0
	66
	0
	-1
	5

	Fiji
	2
	-3
	1
	1
	1
	3
	0
	0
	0
	1
	0
	1
	0
	0
	0

	Finland
	11
	-89
	3
	1
	8
	13
	0
	42
	1
	13
	0
	16
	0
	-2
	1

	France
	189
	-818
	83
	166
	261
	488
	2
	531
	7
	134
	0
	159
	0
	-15
	12

	French Polynesia
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Gabon
	1
	-2
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Gambia
	4
	-6
	1
	3
	1
	2
	0
	0
	0
	1
	0
	1
	0
	0
	0

	Georgia
	4
	-52
	9
	2
	6
	12
	0
	2
	0
	7
	0
	9
	0
	-2
	1

	Germany
	174
	-1185
	59
	110
	176
	298
	2
	1215
	14
	197
	0
	207
	0
	-18
	10

	Ghana
	24
	-11
	7
	10
	11
	20
	0
	0
	0
	5
	0
	3
	0
	-1
	0

	Greece
	7
	-31
	1
	5
	7
	13
	0
	18
	0
	8
	0
	4
	0
	-2
	0

	Guatemala
	44
	-75
	7
	18
	31
	58
	0
	143
	0
	17
	0
	29
	0
	-5
	3

	Guinea
	62
	-21
	4
	20
	9
	12
	0
	0
	0
	8
	0
	8
	0
	0
	1

	Guyana
	5
	-7
	2
	1
	3
	7
	0
	2
	0
	1
	0
	1
	0
	0
	0

	Honduras
	28
	-69
	6
	12
	12
	21
	0
	17
	0
	9
	0
	16
	0
	-1
	2

	Hungary
	22
	-92
	7
	12
	19
	34
	1
	52
	1
	22
	0
	13
	0
	-4
	0

	Iceland
	1
	-6
	0
	0
	1
	1
	0
	2
	0
	1
	0
	1
	0
	0
	0

	India
	1413
	-9143
	574
	1138
	1035
	1937
	3
	6
	1
	1422
	0
	1008
	0
	-81
	68

	Indonesia
	710
	-382
	226
	230
	271
	655
	3
	169
	1
	175
	0
	62
	0
	-36
	3

	Iran
	168
	-739
	134
	83
	73
	177
	1
	0
	0
	138
	0
	74
	0
	-11
	5

	Iraq
	22
	-26
	9
	13
	21
	46
	0
	9
	0
	7
	0
	4
	0
	-1
	1

	Ireland
	53
	-266
	20
	12
	58
	102
	0
	75
	1
	34
	0
	73
	0
	-2
	3

	Israel
	11
	-65
	5
	6
	12
	26
	1
	29
	0
	17
	0
	11
	0
	-5
	1

	Italy
	77
	-449
	30
	57
	90
	159
	1
	310
	4
	82
	0
	84
	0
	-15
	5

	Jamaica
	4
	-7
	1
	1
	3
	6
	0
	5
	0
	3
	0
	1
	0
	-1
	0

	Japan
	98
	-426
	40
	54
	87
	151
	3
	468
	3
	122
	0
	63
	0
	-30
	3

	Jordan
	4
	-36
	4
	2
	3
	7
	0
	12
	0
	9
	0
	7
	0
	-1
	1

	Kazakhstan
	42
	-536
	40
	14
	45
	88
	0
	51
	0
	72
	0
	81
	0
	-3
	10

	Kenya
	136
	-350
	37
	85
	81
	129
	0
	0
	0
	44
	0
	52
	0
	-2
	4

	Kuwait
	8
	-10
	3
	2
	5
	14
	0
	18
	0
	2
	0
	2
	0
	-1
	0

	Kyrgyzstan
	6
	-147
	11
	2
	5
	6
	0
	4
	0
	17
	0
	21
	0
	0
	2

	Latvia
	4
	-31
	3
	1
	5
	9
	0
	8
	0
	4
	0
	4
	0
	-1
	0

	Lebanon
	10
	-31
	8
	4
	6
	16
	0
	7
	0
	8
	0
	7
	0
	-1
	1

	Libya
	5
	-19
	2
	2
	3
	9
	0
	12
	0
	4
	0
	2
	0
	-1
	0

	Lithuania
	6
	-47
	6
	2
	9
	16
	0
	18
	0
	7
	0
	6
	0
	-1
	1

	Luxembourg
	2
	-13
	1
	1
	2
	4
	0
	3
	0
	1
	0
	3
	0
	0
	0

	Madagascar
	61
	-48
	6
	16
	8
	9
	0
	0
	0
	7
	0
	7
	0
	0
	1

	Malawi
	29
	-33
	1
	8
	5
	4
	0
	0
	0
	12
	0
	6
	0
	-3
	0

	Malaysia
	11
	-97
	18
	16
	27
	78
	1
	74
	1
	45
	0
	10
	0
	-11
	0

	Maldives
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mali
	83
	-29
	14
	45
	20
	33
	0
	0
	0
	8
	0
	7
	0
	-1
	1

	Malta
	0
	-4
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	Mauritania
	11
	-14
	1
	3
	4
	2
	0
	0
	0
	2
	0
	3
	0
	0
	0

	Mauritius
	3
	-4
	1
	0
	0
	0
	0
	0
	0
	2
	0
	1
	0
	-2
	0

	Mexico
	448
	-664
	50
	187
	311
	625
	4
	1641
	3
	159
	0
	150
	0
	-41
	15

	Republic of Moldova
	8
	-30
	6
	3
	4
	10
	0
	2
	0
	6
	0
	4
	0
	-2
	0

	Mongolia
	24
	-45
	17
	7
	14
	18
	0
	0
	0
	12
	0
	20
	0
	0
	1

	Montenegro
	0
	-14
	1
	1
	1
	1
	0
	1
	0
	2
	0
	3
	0
	0
	0

	Morocco
	37
	-246
	39
	27
	20
	47
	0
	44
	0
	47
	0
	38
	0
	-4
	5

	Mozambique
	23
	-259
	3
	9
	4
	6
	0
	0
	0
	28
	0
	29
	0
	-2
	3

	Myanmar
	216
	-219
	48
	103
	101
	167
	0
	3
	1
	48
	0
	28
	0
	-11
	2

	Namibia
	20
	-11
	1
	6
	12
	23
	0
	0
	0
	3
	0
	3
	0
	0
	0

	Nauru
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Nepal
	12
	-95
	22
	48
	32
	55
	0
	1
	0
	17
	0
	9
	0
	-4
	0

	Netherlands
	79
	-486
	38
	49
	76
	132
	1
	392
	5
	81
	0
	104
	0
	-9
	3

	New Caledonia
	1
	-1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	New Zealand
	50
	-622
	54
	54
	95
	176
	0
	11
	0
	9
	0
	193
	0
	-2
	17

	Nicaragua
	45
	-126
	7
	20
	20
	32
	0
	9
	0
	12
	0
	25
	0
	-1
	4

	Niger
	109
	-71
	18
	65
	29
	50
	0
	0
	0
	10
	0
	11
	0
	0
	1

	Nigeria
	179
	-101
	29
	120
	110
	201
	0
	0
	1
	47
	0
	27
	0
	-8
	3

	Republic of Korea
	85
	-181
	21
	44
	73
	124
	1
	410
	4
	60
	0
	27
	0
	-14
	1

	Norway
	11
	-58
	4
	2
	9
	15
	0
	32
	0
	9
	0
	14
	0
	-2
	1

	Oman
	2
	-20
	1
	1
	3
	5
	0
	6
	0
	2
	0
	4
	0
	0
	0

	Pakistan
	490
	-1838
	225
	308
	305
	613
	1
	0
	0
	328
	0
	290
	0
	-18
	17

	Panama
	18
	-30
	3
	8
	13
	26
	0
	23
	0
	7
	0
	10
	0
	-2
	1

	Papua New Guinea
	4
	-8
	0
	1
	2
	1
	0
	1
	0
	3
	0
	1
	0
	-1
	0

	Paraguay
	127
	-58
	2
	44
	78
	148
	0
	77
	0
	11
	0
	41
	0
	-1
	9

	Peru
	73
	-283
	24
	30
	39
	84
	1
	278
	1
	55
	0
	55
	0
	-14
	6

	Philippines
	83
	-222
	9
	28
	28
	53
	1
	72
	3
	91
	0
	31
	0
	-35
	1

	Poland
	106
	-585
	54
	70
	112
	204
	3
	240
	3
	125
	0
	89
	0
	-25
	3

	Portugal
	22
	-91
	2
	11
	20
	33
	0
	84
	1
	20
	0
	16
	0
	-5
	1

	Qatar
	0
	-2
	0
	0
	0
	1
	0
	2
	0
	1
	0
	0
	0
	0
	0

	Congo
	3
	-1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Romania
	22
	-334
	15
	16
	19
	31
	0
	31
	1
	48
	0
	40
	0
	-3
	2

	Russian Federation
	271
	-3138
	188
	69
	188
	376
	6
	186
	11
	633
	0
	412
	0
	-36
	14

	Rwanda
	12
	-19
	6
	12
	4
	6
	0
	0
	0
	5
	0
	4
	0
	0
	1

	Saint Kitts and Nevis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Saint Lucia
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Samoa
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Saudi Arabia
	30
	-273
	13
	9
	23
	57
	1
	79
	0
	39
	0
	49
	0
	-9
	4

	Senegal
	37
	-27
	11
	21
	21
	39
	0
	0
	0
	11
	0
	7
	0
	-1
	1

	Serbia
	17
	-146
	8
	10
	12
	21
	0
	22
	1
	27
	0
	19
	0
	-2
	1

	Seychelles
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Singapore
	0
	-6
	0
	0
	0
	0
	0
	9
	0
	3
	0
	1
	0
	-1
	0

	Slovakia
	6
	-30
	4
	2
	6
	11
	0
	9
	0
	4
	0
	4
	0
	0
	0

	Slovenia
	5
	-23
	1
	2
	4
	8
	0
	7
	0
	4
	0
	6
	0
	-1
	0

	South Africa
	120
	-437
	29
	88
	102
	208
	2
	5
	0
	144
	0
	96
	0
	-15
	6

	Spain
	188
	-523
	9
	76
	127
	196
	2
	1079
	11
	153
	0
	92
	0
	-31
	4

	Sri Lanka
	208
	-45
	5
	7
	6
	13
	0
	0
	0
	11
	0
	5
	0
	-1
	0

	Sudan
	181
	-257
	65
	140
	63
	109
	0
	3
	0
	45
	0
	90
	0
	-10
	7

	Suriname
	1
	-1
	0
	0
	1
	2
	0
	2
	0
	0
	0
	0
	0
	0
	0

	Sweden
	17
	-102
	5
	3
	14
	23
	0
	55
	1
	16
	0
	19
	0
	-2
	1

	Switzerland
	15
	-126
	8
	3
	15
	27
	0
	53
	1
	16
	0
	29
	0
	-2
	1

	Syrian Arab Republic
	5
	-116
	9
	7
	2
	5
	0
	7
	0
	15
	0
	15
	0
	0
	2

	Tajikistan
	9
	-90
	15
	4
	7
	9
	0
	5
	0
	21
	0
	22
	0
	0
	2

	United Republic of Tanzania
	171
	-267
	52
	116
	110
	178
	0
	0
	0
	54
	0
	55
	0
	-3
	7

	Thailand
	98
	-245
	19
	42
	67
	144
	1
	173
	2
	76
	0
	30
	0
	-22
	2

	Togo
	5
	-4
	2
	4
	2
	4
	0
	0
	0
	2
	0
	1
	0
	0
	0

	Tonga
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Trinidad and Tobago
	6
	-2
	2
	2
	4
	11
	0
	4
	0
	1
	0
	0
	0
	0
	0

	Tunisia
	14
	-123
	10
	7
	7
	18
	0
	6
	0
	17
	0
	15
	0
	-2
	2

	Turkey
	143
	-662
	149
	166
	181
	379
	2
	212
	0
	102
	0
	88
	0
	-15
	9

	Uganda
	104
	-152
	39
	83
	38
	68
	0
	0
	0
	28
	0
	26
	0
	-2
	2

	Ukraine
	58
	-903
	49
	39
	26
	55
	1
	18
	3
	181
	0
	124
	0
	-41
	6

	United Arab Emirates
	3
	-8
	2
	1
	3
	7
	0
	12
	0
	3
	0
	3
	0
	-1
	0

	United Kingdom 
	120
	-556
	55
	27
	115
	210
	2
	222
	3
	99
	0
	132
	0
	-18
	4

	United States
	1178
	-4365
	466
	480
	1550
	2929
	22
	5454
	43
	1449
	0
	919
	0
	-221
	17

	Uruguay
	100
	-193
	11
	59
	106
	194
	0
	38
	0
	21
	0
	75
	0
	-1
	7

	Uzbekistan
	70
	-939
	51
	75
	49
	79
	0
	51
	0
	127
	0
	194
	0
	-3
	23

	Venezuela
	158
	-260
	24
	75
	124
	240
	0
	105
	0
	30
	0
	88
	0
	-5
	6

	Viet Nam
	116
	-377
	27
	60
	63
	114
	1
	85
	6
	118
	0
	69
	0
	-31
	2

	Western Sahara
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Yemen
	18
	-29
	7
	9
	5
	11
	0
	5
	0
	12
	0
	7
	0
	-1
	1

	Zambia
	32
	-42
	3
	10
	11
	14
	0
	0
	0
	15
	0
	15
	0
	-1
	2

	Zimbabwe
	35
	-41
	6
	18
	18
	26
	0
	0
	0
	37
	0
	37
	0
	-1
	5




Table S7 Coefficients of Variation (CVs) of N and GHG emission data
	Item
	Unit
	CV (%)
	Data source

	
	
	2000-2020
	2025
	2030
	2035
	2040
	2045
	2050
	

	Livestock productions
	kg
	5
	10
	12
	15
	20
	25
	30
	FAO，GLEAM，IPCC

	Livestock quantities
	head
	5
	10
	12
	15
	20
	25
	30
	

	NH3 emission factor
	%
	5
	10
	10
	10
	10
	10
	10
	

	N2O emission factor
	%
	5
	10
	10
	10
	10
	[bookmark: _GoBack]10
	10
	

	NO3- emission factor
	%
	5
	10
	10
	10
	10
	10
	10
	

	NOX emission factor
	%
	5
	10
	10
	10
	10
	10
	10
	

	Dry matter intake
	kg DMI day-1
	5
	10
	10
	10
	10
	10
	10
	

	Methane yield
	kg CH4 kg DMI-1
	5
	10
	10
	10
	10
	10
	10
	

	Methane conversion factors
	%
	5
	10
	10
	10
	10
	10
	10
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