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Supplementary methods 


100m (neighbouring stables) 

Fig S1: Spatial correlation coefficients derived from livestock numbers per stable. The spatial correlograms summarize patterns of spatial autocorrelation in data. They show the degree of correlation between values at two locations as a function of the separation distance between the locations. We assume that the spatial autocorrelation was described by a spherical correlation function. 




Table S1: Summary statistics of the de-standardized realizations of uncertain model inputs including the min, max, mean and coefficient of variation (CV) of the 1000 samples at one spatial unit. The deviation between the simulated CV values and the pre-assigned CV values (see Table 1 in main text) is provided in a separate column (CV diff). Overall, the pre-defined PDFs were adequately represented in the MC samples since the difference between the pre-assigned CV values and the simulated CV values was small except for NH3 emissions from crop senescence (SNH3emrc). The latter is due to the high a-priori uncertainties assigned to this parameter (see Table 1 in main text), leading to partly negative values during sampling that needed to be truncated to zero, resulting in a lower variance captured in the samples. 
	Code
	min
	max
	mean
	CV
	CV diff

	[bookmark: _Hlk181347442]lsnr_ca
	0.97
	1.03
	1.00
	0.01
	0.00

	lsnr_oc
	0.97
	1.03
	1.00
	0.01
	0.00

	lsnr_pi
	0.86
	1.14
	1.00
	0.04
	0.00

	lsnr_po
	0.93
	1.06
	1.00
	0.02
	0.00

	lsnr_ol
	0.90
	1.09
	1.00
	0.03
	0.00

	Nex_ca
	0.92
	1.08
	1.00
	0.02
	-0.01

	Nex_oc
	0.88
	1.10
	1.00
	0.04
	0.00

	Nex_pi
	0.82
	1.16
	1.00
	0.05
	0.00

	Nex_po
	0.80
	1.19
	1.00
	0.06
	0.00

	Nex_ol
	0.79
	1.24
	1.00
	0.07
	0.00

	Pex_ca
	0.93
	1.08
	1.00
	0.03
	0.00

	Pex_oc
	0.86
	1.11
	1.00
	0.04
	0.00

	Pex_pi
	0.83
	1.18
	1.00
	0.05
	0.00

	Pex_po
	0.80
	1.23
	1.00
	0.06
	0.00

	Pex_ol
	0.80
	1.23
	1.00
	0.07
	0.00

	TANex_ca
	0.80
	1.15
	1.00
	0.05
	0.00

	TANex_oc
	0.83
	1.18
	1.00
	0.05
	0.00

	TANex_pi
	0.84
	1.18
	1.00
	0.05
	0.00

	TANex_po
	0.82
	1.18
	1.00
	0.05
	0.00

	TANex_ol
	0.79
	1.16
	1.00
	0.05
	0.00

	tgr_ca
	0.67
	1.33
	1.00
	0.10
	0.00

	tgr_ol
	0.65
	1.34
	1.00
	0.10
	0.00

	Nexp_ca
	0.60
	1.41
	1.01
	0.12
	-0.01

	Nexp_pi
	0.53
	1.49
	0.99
	0.12
	-0.01

	Pexp_ca
	0.63
	1.40
	1.01
	0.12
	-0.01

	Pexp_pi
	0.61
	1.39
	0.99
	0.12
	-0.01

	fNH3ehs_ca
	0.34
	1.62
	1.00
	0.22
	0.00

	fNH3ehs_oc
	0.56
	1.47
	1.00
	0.14
	-0.01

	fNH3ehs_pi
	0.44
	1.68
	1.00
	0.17
	-0.01

	fNH3ehs_po
	0.11
	2.14
	0.99
	0.32
	0.08

	fNH3ehs_ol
	0.10
	1.73
	1.01
	0.24
	-0.09

	mxNamar
	0.68
	1.36
	1.00
	0.10
	0.00

	Nfert
	0.60
	1.40
	1.01
	0.13
	0.00

	Nin_std
	0.70
	1.35
	1.00
	0.10
	0.00

	Pin_std
	0.69
	1.29
	1.00
	0.10
	0.00

	Opp
	0.84
	1.17
	1.00
	0.05
	0.00

	fNH3emap_bc_gr
	0.47
	1.46
	1.00
	0.15
	0.00

	fNH3emap_in_gr
	0.52
	1.39
	1.00
	0.14
	-0.01

	fNH3emap_si_gr
	0.43
	1.46
	1.01
	0.14
	-0.01

	fNH3emap_bc_ar
	0.44
	1.44
	1.00
	0.15
	0.00

	fNH3emap_in_ar
	0.49
	1.44
	1.00
	0.15
	0.00

	fNH3emap_si_ar
	0.59
	1.55
	0.99
	0.15
	0.00

	fNH3emap_ic_ar
	0.48
	1.51
	1.01
	0.15
	0.00

	fNH3emfe
	0.66
	1.38
	1.00
	0.13
	0.00

	fNH3emgr
	0.07
	1.76
	1.00
	0.24
	0.00

	SNH3emrc
	0.00
	5.86
	1.21
	1.19
	-0.31

	SNH3emcr
	0.22
	1.69
	0.99
	0.23
	0.00



Supplementary Results 
[bookmark: _Hlk181351605]Table S2: Supplementary results on uncertainty in nitrogen (N) and phosphorus (P) application from livestock manure and synthetic fertilizers (in kg N or P ha-1 yr-1) by Monte Carlo simulations across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500). The summary statistics are presented as area-weighted averages in order to compare the model outputs across the scales. Mean = average, sd = standard deviation, cv = coefficient of variation (sd /mean), p2.5 = 2.5th percentile, p50 = 50th percentile (median), p97.5 = 97.5th percentile. 2x cv was presented in order to express the relative 95%-interval. Over- and under-utilization of livestock manure in view of the legal N or P application limits was only assessed at regional, provincial and country level since this was the highest spatial level at which the utilization degree is calculated in INITIATOR. A negative sign indicates exceedance (or over-utilization) of the manure limits while a positive sign indicated under-utilization of the manure limits.
	[bookmark: _Hlk181351567]Model output 
	Statistic
	Unit
	NL
	PROV
	AREG
	G500

	N application livestock manure  
	mean
	kg N ha-1yr-1
	203.96
	203.96
	203.96
	203.96

	
	sd
	kg N ha-1yr-1
	4.62
	9.77
	13.65
	21.00

	
	2xcv
	-
	0.05
	0.10
	0.13
	0.21

	
	p2.5
	kg N ha-1yr-1
	194.58
	185.54
	178.33
	164.70

	
	p50
	kg N ha-1yr-1
	204.01
	203.96
	204.01
	203.68

	
	p97.5
	kg N ha-1yr-1
	212.89
	222.36
	229.47
	244.92

	N application synthetic fertilizers 

	mean
	kg N ha-1yr-1
	125.42
	125.42
	125.42
	125.42

	
	sd
	kg N ha-1yr-1
	16.53
	16.88
	17.53
	20.25

	
	2xcv
	-
	0.26
	0.27
	0.28
	0.32

	
	p2.5
	kg N ha-1yr-1
	[bookmark: _Hlk175750279]92.65
	92.82
	92.32
	89.01

	
	p50
	kg N ha-1yr-1
	126.04
	125.87
	125.50
	124.52

	[bookmark: _Hlk175750324]
	p97.5
	kg N ha-1yr-1
	155.88
	157.44
	159.96
	167.54

	Degree of over-/under- utilization of livestock manure N limit (N limit – N manure application)

	mean
	kg N ha-1yr-1
	-3.26
	-3.26
	-3.26
	-

	
	sd
	kg N ha-1yr-1
	14.36
	15.64
	16.59
	-

	
	2xcv
	-
	8.80
	9.59
	10.17
	-

	
	p2.5
	kg N ha-1yr-1
	-31.37
	-31.57
	-31.92
	-

	
	p50
	kg N ha-1yr-1
	-3.13
	-3.56
	-3.82
	-

	
	p97.5
	kg N ha-1yr-1
	25.45
	27.77
	29.28
	-

	P application livestock manure  
	mean
	kg P ha-1yr-1
	27.68
	27.68
	27.68
	27.68

	
	sd
	kg P ha-1yr-1
	0.81
	1.49
	2.07
	3.07

	
	2xcv
	-
	0.06
	0.11
	0.15
	0.22

	
	p2.5
	kg P ha-1yr-1
	26.02
	24.82
	23.81
	22.00

	
	p50
	kg P ha-1yr-1
	27.67
	27.66
	27.65
	27.61

	
	p97.5
	kg P ha-1yr-1
	29.27
	30.56
	31.69
	33.74

	P application synthetic fertilizers 

	mean
	kg P ha-1yr-1
	3.28
	3.28
	3.28
	3.28

	
	sd
	kg P ha-1yr-1
	0.90
	0.97
	1.10
	1.42

	
	2xcv
	-
	0.55
	0.59
	0.67
	0.86

	
	p2.5
	kg P ha-1yr-1
	1.65
	1.61
	1.56
	1.11

	
	p50
	kg P ha-1yr-1
	3.20
	3.18
	3.12
	3.09

	
	p97.5
	kg P ha-1yr-1
	5.27
	5.43
	5.88
	6.52

	Degree of over-/under- utilization of livestock manure P limit (P limit – P manure application)

	mean
	kg P ha-1yr-1
	5.83
	5.83
	5.83
	-

	
	sd
	kg P ha-1yr-1
	2.31
	2.65
	3.03
	-

	
	2xcv
	-
	0.79
	0.91
	1.04
	-

	
	p2.5
	kg P ha-1yr-1
	1.24
	0.60
	0.12
	-

	
	p50
	kg P ha-1yr-1
	5.75
	5.80
	5.76
	-

	
	p97.5
	kg P ha-1yr-1
	10.72
	11.06
	11.84
	-





Table S3: Supplementary results on uncertainty in nitrogen (N) and phosphorus (P) application from livestock manure and synthetic fertilizers (in Gg N or P yr-1) by Monte Carlo simulations across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500). The summary statistics are presented as area-weighted averages in order to compare the model outputs across the scales. Mean = average, sd = standard deviation, cv = coefficient of variation (sd /mean), p2.5 = 2.5th percentile, p50 = 50th percentile (median), p97.5 = 97.5th percentile. 2x cv was presented in order to express the relative 95%-interval. Over- and under-utilization of livestock manure in view of the legal N or P application limits was only assessed at the regional, provincial and country level since this was the highest spatial level at which the utilization degree is calculated in INITIATOR. A negative sign indicates exceedance (or over-utilization) of the manure limits while a positive sign indicated under-utilization of the manure limits.
	Model output 
	Statistic
	Unit
	NL
	PROV
	AREG
	G500

	N application livestock manure  
	mean
	Gg N yr-1
	352.04
	352.04
	352.04
	352.03

	
	sd
	Gg N yr-1
	8.04
	16.88
	23.58
	36.27

	
	2xcv
	-
	0.05
	0.10
	0.13
	0.21

	
	p2.5
	Gg N yr-1
	335.85
	320.22
	307.77
	284.25

	
	p50
	Gg N yr-1
	352.15
	352.05
	352.12
	351.54

	
	p97.5
	Gg N yr-1
	367.48
	383.83
	396.10
	422.74

	N application synthetic fertilizers 

	mean
	Gg N yr-1
	216.48
	216.48
	216.48
	216.48

	
	sd
	Gg N yr-1
	28.52
	29.13
	30.25
	34.94

	
	2xcv
	-
	0.26
	0.27
	0.28
	0.32

	
	p2.5
	Gg N yr-1
	159.93
	160.24
	159.38
	153.65

	
	p50
	Gg N yr-1
	217.53
	217.24
	216.60
	214.92

	
	p97.5
	Gg N yr-1
	269.07
	271.77
	276.11
	289.18

	Degree of over-/under- utilization of livestock manure N limit (N limit – N manure application)

	mean
	Gg N yr-1
	-5.59
	-5.59
	-5.59
	-

	
	sd
	Gg N yr-1
	24.81
	27.02
	28.65
	-

	
	2xcv
	-
	8.87
	9.66
	10.24
	-

	
	p2.5
	Gg N yr-1
	-54.13
	-54.48
	-55.09
	-

	
	p50
	Gg N yr-1
	-5.39
	-6.11
	-6.56
	-

	
	p97.5
	Gg N yr-1
	43.92
	48.06
	50.68
	-

	P application livestock manure  
	mean
	Gg P yr-1
	47.77
	47.77
	47.77
	47.77

	
	sd
	Gg P yr-1
	1.40
	2.57
	3.57
	5.30

	
	2xcv
	-
	0.06
	0.11
	0.15
	0.22

	
	p2.5
	Gg P yr-1
	44.91
	42.85
	41.10
	37.97

	
	p50
	Gg P yr-1
	47.77
	47.75
	47.73
	47.65

	
	p97.5
	Gg P yr-1
	50.53
	52.74
	54.70
	58.24

	P application synthetic fertilizers 

	mean
	Gg P yr-1
	5.66
	5.66
	5.66
	5.66

	
	sd
	Gg P yr-1
	1.56
	1.68
	1.90
	2.45

	
	2xcv
	-
	0.55
	0.59
	0.67
	0.86

	
	p2.5
	Gg P yr-1
	2.79
	2.76
	2.68
	1.91

	
	p50
	Gg P yr-1
	5.53
	5.49
	5.39
	5.33

	
	p97.5
	Gg P yr-1
	9.10
	9.38
	10.14
	11.26

	Degree of over-/under- utilization of livestock manure P limit (P limit – P manure application)

	mean
	Gg P yr-1
	10.07
	10.07
	10.07
	-

	
	sd
	Gg P yr-1
	3.99
	4.58
	5.24
	-

	
	2xcv
	-
	0.79
	0.91
	1.04
	-

	
	p2.5
	Gg P yr-1
	2.15
	1.00
	0.18
	-

	
	p50
	Gg P yr-1
	9.93
	10.00
	9.93
	-

	
	p97.5
	Gg P yr-1
	18.51
	19.10
	20.44
	-



[bookmark: _Hlk181347702]

Table S4: Supplementary results on probability of overutilization of manure N and P, in view of the legal N and P application limits. The probability of overutilization was calculated by reclassifying the Monte Carlo (MC) simulation output on the utilization degree into a binary variable (1= overutilization, 0 = no overutilization) for each MC run and for each province. Afterwards, we calculated the arithmetic mean and 2.5% and 97.5% percentiles.  
	Province
	Nitrogen (N)
	Phosphorus (P)

	
	Point estimate
	P2.5
	P97.5
	Point estimate
	P2.5
	P97.5

	Flevoland
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Zeeland
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Drenthe
	0.04
	0.03
	0.05
	0.00
	0.00
	0.00

	Noord-Holland
	0.10
	0.08
	0.12
	0.00
	0.00
	0.00

	Groningen
	0.13
	0.11
	0.16
	0.00
	0.00
	0.00

	Friesland
	0.56
	0.53
	0.59
	0.00
	0.00
	0.01

	Zuid-Holland
	0.56
	0.53
	0.59
	0.00
	0.00
	0.00

	Gelderland
	0.61
	0.58
	0.64
	0.03
	0.02
	0.04

	Limburg
	0.62
	0.59
	0.65
	0.06
	0.05
	0.07

	Overijssel
	0.65
	0.62
	0.68
	0.06
	0.05
	0.07

	Utrecht
	0.67
	0.64
	0.70
	0.02
	0.01
	0.03

	Noord-Brabant
	0.72
	0.69
	0.75
	0.29
	0.26
	0.32





Table S5: Supplementary results on uncertainty in NH3 emissions (in kg N ha-1 yr-1) from housing and field by Monte Carlo simulations across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500). The summary statistics are presented as area-weighted averages in order to compare the model outputs across the scales. Mean = average, sd = standard deviation, cv = coefficient of variation (2*sd/mean), p2.5 = 2.5th percentile, p50 = 50th percentile (median), p97.5 = 97.5th percentile.   
	Model output
	stat
	units
	NL
	PROV
	AREG
	G500

	Total NH3 housing and storage and field emissions 

	mean
	kg N ha-1 yr-1
	51.43
	51.43
	51.43
	51.43

	
	sd
	kg N ha-1 yr-1
	[bookmark: _Hlk175746140]2.40
	2.57
	2.90
	8.31

	
	2xcv
	-
	0.09
	0.10
	0.11
	0.32

	
	p2.5
	kg N ha-1 yr-1
	[bookmark: _Hlk175746775]46.76
	46.64
	46.01
	[bookmark: _Hlk175746837]36.00

	
	p50
	kg N ha-1 yr-1
	51.45
	51.35
	51.33
	51.14

	[bookmark: _Hlk175746844]
	p97.5
	kg N ha-1 yr-1
	[bookmark: _Hlk175746785]56.20
	56.64
	57.31
	68.34

	NH3 housing and storage emissions 

	mean
	kg N ha-1 yr-1
	29.53
	29.53
	29.53
	29.53

	
	sd
	kg N ha-1 yr-1
	1.44
	1.46
	1.74
	5.98

	
	2xcv
	-
	0.10
	0.10
	0.12
	0.41

	
	p2.5
	kg N ha-1 yr-1
	26.84
	26.77
	26.23
	18.22

	
	p50
	kg N ha-1 yr-1
	29.52
	29.51
	29.50
	29.40

	
	p97.5
	kg N ha-1 yr-1
	32.60
	32.57
	33.06
	41.60

	NH3 field emissions 

	mean
	kg N ha-1 yr-1
	21.89
	21.89
	21.89
	21.89

	
	sd
	kg N ha-1 yr-1
	1.63
	1.77
	1.91
	2.83

	
	2xcv
	-
	0.15
	0.16
	0.17
	0.26

	
	p2.5
	kg N ha-1 yr-1
	18.99
	18.73
	18.46
	16.89

	
	p50
	kg N ha-1 yr-1
	21.78
	21.77
	21.77
	21.71

	
	p97.5
	kg N ha-1 yr-1
	25.15
	25.48
	25.78
	27.79

	NH3 field emissions  manure application 
	mean
	kg N ha-1 yr-1
	14.50
	14.50
	14.50
	14.50

	
	sd
	kg N ha-1 yr-1
	0.90
	1.02
	1.20
	2.09

	
	2xcv
	-
	0.12
	0.14
	0.17
	0.29

	
	p2.5
	kg N ha-1 yr-1
	12.79
	12.56
	12.14
	10.62

	
	p50
	kg N ha-1 yr-1
	14.47
	14.48
	14.49
	14.43

	
	p97.5
	kg N ha-1 yr-1
	16.35
	16.56
	16.87
	18.77

	NH3 field emissions biosolids application 1 
	mean
	kg N ha-1 yr-1
	0.26
	0.26
	0.26
	0.26

	
	sd
	kg N ha-1 yr-1
	0.00
	0.00
	0.00
	0.01

	
	2xcv
	-
	0.00
	0.00
	0.01
	0.07

	
	p2.5
	kg N ha-1 yr-1
	0.26
	0.26
	0.25
	0.24

	
	p50
	kg N ha-1 yr-1
	0.26
	0.26
	0.26
	0.26

	
	p97.5
	kg N ha-1 yr-1
	0.26
	0.26
	0.26
	0.27

	NH3 field emissions  fertilizer application

	mean
	kg N ha-1 yr-1
	4.43
	4.43
	4.43
	4.43

	
	sd
	kg N ha-1 yr-1
	0.82
	0.83
	0.85
	0.93

	
	2xcv
	-
	0.37
	0.38
	0.38
	0.42

	
	p2.5
	kg N ha-1 yr-1
	2.92
	2.92
	2.91
	2.83

	
	p50
	kg N ha-1 yr-1
	4.42
	4.41
	4.40
	4.37

	
	p97.5
	kg N ha-1 yr-1
	6.20
	6.18
	6.23
	6.44

	NH3  field emissions due to grazing 
	mean
	kg N ha-1 yr-1
	0.59
	0.59
	0.59
	0.59

	
	sd
	kg N ha-1 yr-1
	0.15
	0.15
	0.15
	0.15

	
	2xcv
	-
	0.49
	0.49
	0.49
	0.52

	
	p2.5
	kg N ha-1 yr-1
	0.32
	0.32
	0.32
	0.31

	
	p50
	kg N ha-1 yr-1
	0.60
	0.60
	0.59
	0.59

	
	p97.5
	kg N ha-1 yr-1
	0.88
	0.88
	0.88
	0.90

	NH3  field emissions from crop senescence (crop ripening) 
	mean
	kg N ha-1 yr-1
	1.05
	1.05
	1.05
	1.05

	
	sd
	kg N ha-1 yr-1
	1.03
	1.03
	1.03
	1.03

	
	2xcv
	-
	1.97
	1.97
	1.97
	1.97

	
	p2.5
	kg N ha-1 yr-1
	0.00
	0.00
	0.00
	0.00

	
	p50
	kg N ha-1 yr-1
	0.83
	0.83
	0.83
	0.82

	
	p97.5
	kg N ha-1 yr-1
	3.34
	3.34
	3.34
	3.36

	NH3  field  emission from crop residues 
	mean
	kg N ha-1 yr-1
	1.06
	1.06
	1.06
	1.06

	
	sd
	kg N ha-1 yr-1
	0.25
	0.25
	0.25
	0.25

	
	2xcv
	-
	0.47
	0.47
	0.47
	0.48

	
	p2.5
	kg N ha-1 yr-1
	0.58
	0.58
	0.58
	0.58

	
	p50
	kg N ha-1 yr-1
	1.06
	1.06
	1.06
	1.06

	
	p97.5
	kg N ha-1 yr-1
	1.54
	1.54
	1.55
	1.55


[bookmark: _Hlk193712414]1Field emissions from biosolids application include emissions from the application of compost, sewage sludge and spent mushroom compost
Table S6: Supplementary results on uncertainty in NH3 emissions (in Gg N yr-1) from housing and field by Monte Carlo simulations across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500). Model output was aggregated from point scale to 500m x 500m grid. Mean = average, sd = standard deviation, cv = coefficient of variation, p2.5 = 2.5th percentile, p50 = 50th percentile (median), p97.5 = 97.5th percentile. All values are provided on a per ha basis.   
	Model output
	stat
	units
	NL
	PROV
	AREG
	G500

	NH3 housing and storage and field emissions 

	mean
	Gg N yr-1
	88.77
	88.77
	88.77
	88.77

	
	sd
	Gg N yr-1
	4.15
	4.44
	5.01
	14.35

	
	2xcv
	-
	0.09
	0.10
	0.11
	0.32

	
	p2.5
	Gg N yr-1
	80.72
	80.51
	79.42
	[bookmark: _Hlk175832624]62.13

	
	p50
	Gg N yr-1
	88.81
	88.65
	88.60
	88.27

	
	p97.5
	Gg N yr-1
	97.02
	97.77
	98.92
	[bookmark: _Hlk175832630]117.97

	NH3 housing and storage emissions 

	mean
	Gg N yr-1
	50.98
	50
	50.98
	50.98

	
	sd
	Gg N yr-1
	2.49
	2.52
	3.01
	10.33

	
	2xcv
	-
	0.10
	0.10
	0.12
	0.41

	
	p2.5
	Gg N yr-1
	46.33
	46.21
	45.28
	31.45

	
	p50
	Gg N yr-1
	50.95
	50.94
	50.92
	50.75

	
	p97.5
	Gg N yr-1
	56.28
	56.23
	57.06
	71.80

	NH3 field emissions 

	mean
	Gg N yr-1
	37.79
	37.79
	37.79
	37.79

	
	sd
	Gg N yr-1
	2.82
	3.06
	3.30
	4.89

	
	2xcv
	-
	0.15
	0.16
	0.17
	0.26

	
	p2.5
	Gg N yr-1
	32.78
	32.33
	31.87
	29.16

	
	p50
	Gg N yr-1
	37.59
	37.57
	37.57
	37.47

	
	p97.5
	Gg N yr-1
	43.42
	43.98
	44.49
	47.97

	NH3 field emissions  manure application
	mean
	Gg N yr-1
	25.03
	25.03
	25.03
	25.02

	
	sd
	Gg N yr-1
	1.55
	1.76
	2.08
	3.61

	
	2xcv
	-
	0.12
	0.14
	0.17
	0.29

	
	p2.5
	Gg N yr-1
	22.08
	21.67
	20.95
	18.33

	
	p50
	Gg N yr-1
	24.98
	24.99
	25.02
	24.90

	
	p97.5
	Gg N yr-1
	28.22
	28.59
	29.11
	32.39

	NH3 field emissions biosolids application1
	mean
	Gg N yr-1
	0.44
	0.44
	0.44
	0.44

	
	sd
	Gg N yr-1
	0.00
	0.00
	0.00
	0.02

	
	2xcv
	-
	0.00
	0.00
	0.01
	0.07

	
	p2.5
	Gg N yr-1
	0.44
	0.44
	0.44
	0.41

	
	p50
	Gg N yr-1
	0.44
	0.44
	0.44
	0.44

	
	p97.5
	Gg N yr-1
	0.44
	0.45
	0.45
	0.47

	NH3 field emissions  fertilizer application

	mean
	Gg N yr-1
	7.65
	7.65
	7.65
	7.65

	
	sd
	Gg N yr-1
	1.42
	1.44
	1.47
	1.60

	
	2xcv
	-
	0.37
	0.38
	0.38
	0.42

	
	p2.5
	Gg N yr-1
	5.03
	5.04
	5.02
	4.88

	
	p50
	Gg N yr-1
	7.62
	7.61
	7.58
	7.53

	
	p97.5
	Gg N yr-1
	10.70
	10.67
	10.75
	11.12

	NH3  field emissions due to grazing
	mean
	Gg N yr-1
	1.02
	1.02
	1.02
	1.02

	
	sd
	Gg N yr-1
	0.25
	0.25
	0.25
	0.27

	
	2xcv
	-
	0.49
	0.49
	0.49
	0.52

	
	p2.5
	Gg N yr-1
	0.55
	0.56
	0.55
	0.53

	
	p50
	Gg N yr-1
	1.03
	1.03
	1.03
	1.02

	
	p97.5
	Gg N yr-1
	1.51
	1.51
	1.51
	1.55

	NH3  field emissions from crop senescence (crop ripening)
	mean
	Gg N yr-1
	1.81
	1.81
	1.81
	1.81

	
	sd
	Gg N yr-1
	1.78
	1.78
	1.78
	1.78

	
	2xcv
	-
	1.97
	1.97
	1.97
	1.97

	
	p2.5
	Gg N yr-1
	0.00
	0.00
	0.00
	0.00

	
	p50
	Gg N yr-1
	1.44
	1.44
	1.44
	1.42

	
	p97.5
	Gg N yr-1
	5.77
	5.77
	5.77
	5.81

	NH3  field  emission from crop residues
	mean
	Gg N yr-1
	1.84
	1.84
	1.84
	1.84

	
	sd
	Gg N yr-1
	0.43
	0.43
	0.43
	0.44

	
	2xcv
	-
	0.47
	0.47
	0.47
	0.48

	
	p2.5
	Gg N yr-1
	1.00
	1.00
	1.00
	1.00

	
	p50
	Gg N yr-1
	1.84
	1.84
	1.84
	1.84

	
	p97.5
	Gg N yr-1
	2.66
	2.67
	2.67
	2.68


1Field emissions from biosolids application include emissions from the application of compost, sewage sludge and spent mushroom compost. 

Supplementary results on robustness analysis  
Table S7: Supplementary results on uncertainty in simulated N application from manure and fertilizers and NH3 emissions from housing and field (in kg N ha-1 yr-1) under robustness scenario with low spatial autocorrelation and reference CV values across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500).
	Model output 
	Statistic
	Unit
	NL
	PROV
	AREG
	G500

	N application livestock manure  
	mean
	kg N ha-1 yr-1
	203.95
	203.95
	203.95
	203.95

	
	sd
	kg N ha-1 yr-1
	4.60
	4.96
	5.70
	15.98

	
	2xcv
	-
	0.05
	0.05
	0.06
	0.16

	
	p2.5
	kg N ha-1 yr-1
	195.06
	194.39
	192.94
	173.14

	
	p50
	kg N ha-1 yr-1
	204.01
	204.07
	204.04
	203.85

	
	p97.5
	kg N ha-1 yr-1
	212.91
	213.46
	214.83
	235.46

	N application synthetic fertilizers 

	mean
	kg N ha-1 yr-1
	125.40
	125.40
	125.40
	125.40

	
	sd
	kg N ha-1 yr-1
	16.52
	16.56
	16.68
	20.08

	
	2xcv
	-
	0.26
	0.26
	0.27
	0.32

	
	p2.5
	kg N ha-1 yr-1
	92.64
	92.75
	92.86
	88.66

	
	p50
	kg N ha-1 yr-1
	126.01
	125.99
	125.94
	124.71

	
	p97.5
	kg N ha-1 yr-1
	155.86
	155.83
	156.58
	166.44

	Total NH3 housing and storage and field emissions 

	mean
	kg N ha-1 yr-1
	51.48
	51.48
	51.48
	51.48

	
	sd
	kg N ha-1 yr-1
	2.15
	2.28
	2.58
	8.23

	
	2xcv
	-
	0.08
	0.09
	0.10
	0.32

	
	p2.5
	kg N ha-1 yr-1
	47.16
	47.10
	46.68
	36.24

	
	p50
	kg N ha-1 yr-1
	51.45
	51.39
	51.37
	51.18

	
	p97.5
	kg N ha-1 yr-1
	55.98
	56.20
	56.74
	68.27

	NH3 housing and storage emissions 

	mean
	kg N ha-1 yr-1
	29.53
	29.53
	29.53
	29.53

	
	sd
	kg N ha-1 yr-1
	1.13
	1.15
	1.48
	5.95

	
	2xcv
	-
	0.08
	0.08
	0.10
	0.40

	
	p2.5
	kg N ha-1 yr-1
	27.30
	27.22
	26.69
	18.27

	
	p50
	kg N ha-1 yr-1
	29.53
	29.54
	29.51
	29.39

	
	p97.5
	kg N ha-1 yr-1
	31.66
	31.74
	32.45
	41.53

	NH3 field emissions 

	mean
	kg N ha-1 yr-1
	21.95
	21.95
	21.95
	21.95

	
	sd
	kg N ha-1 yr-1
	1.48
	1.58
	1.67
	2.77

	
	2xcv
	-
	0.13
	0.14
	0.15
	0.25

	
	p2.5
	kg N ha-1 yr-1
	19.26
	19.19
	19.09
	17.11

	
	p50
	kg N ha-1 yr-1
	21.87
	21.81
	21.79
	21.76

	
	p97.5
	kg N ha-1 yr-1
	25.06
	25.30
	25.46
	27.76





Table S8: Supplementary results on uncertainty in simulated N application from manure and fertilizers and NH3 emissions from housing and field (in kg N ha-1 yr-1) under robustness scenario with high spatial correlation and reference CV values across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500).
	Model output 
	Statistic
	Unit
	NL
	PROV
	AREG
	G500

	N application livestock manure  
	mean
	kg N ha-1 yr-1
	203.63
	203.63
	203.63
	203.62

	
	sd
	kg N ha-1 yr-1
	6.87
	14.28
	20.18
	26.50

	
	2xcv
	-
	0.07
	0.14
	0.20
	0.26

	
	p2.5
	kg N ha-1 yr-1
	190.63
	177.20
	168.06
	157.41

	
	p50
	kg N ha-1 yr-1
	203.52
	203.12
	202.99
	202.75

	
	p97.5
	kg N ha-1 yr-1
	217.78
	231.55
	242.42
	253.91

	N application synthetic fertilizers 

	mean
	kg N ha-1 yr-1
	125.19
	125.18
	125.18
	125.22

	
	sd
	kg N ha-1 yr-1
	16.49
	17.38
	18.51
	20.31

	
	2xcv
	-
	0.26
	0.28
	0.30
	0.32

	
	p2.5
	kg N ha-1 yr-1
	92.48
	91.91
	90.92
	89.06

	
	p50
	kg N ha-1 yr-1
	125.79
	125.37
	124.89
	124.40

	
	p97.5
	kg N ha-1 yr-1
	155.60
	159.05
	162.47
	166.28

	Total NH3 housing and storage and field emissions 

	mean
	kg N ha-1 yr-1
	51.24
	51.24
	51.24
	51.26

	
	sd
	kg N ha-1 yr-1
	3.90
	4.17
	4.58
	8.58

	
	2xcv
	-
	0.15
	0.16
	0.18
	0.33

	
	p2.5
	kg N ha-1 yr-1
	43.90
	43.36
	42.51
	35.04

	
	p50
	kg N ha-1 yr-1
	51.20
	51.19
	51.13
	51.05

	
	p97.5
	kg N ha-1 yr-1
	58.99
	59.50
	60.36
	68.27

	NH3 housing and storage emissions 

	mean
	kg N ha-1 yr-1
	29.53
	29.53
	29.53
	29.55

	
	sd
	kg N ha-1 yr-1
	3.67
	3.68
	3.89
	6.16

	
	2xcv
	-
	0.25
	0.25
	0.26
	0.42

	
	p2.5
	kg N ha-1 yr-1
	22.28
	22.34
	21.92
	17.76

	
	p50
	kg N ha-1 yr-1
	29.57
	29.57
	29.53
	29.44

	
	p97.5
	kg N ha-1 yr-1
	36.71
	36.69
	37.00
	41.62

	NH3 field emissions 

	mean
	kg N ha-1 yr-1
	21.71
	21.71
	21.71
	21.71

	
	sd
	kg N ha-1 yr-1
	2.00
	2.26
	2.46
	3.00

	
	2xcv
	-
	0.18
	0.21
	0.23
	0.28

	
	p2.5
	kg N ha-1 yr-1
	17.98
	17.56
	17.17
	16.34

	
	p50
	kg N ha-1 yr-1
	21.62
	21.62
	21.61
	21.57

	
	p97.5
	kg N ha-1 yr-1
	25.62
	26.34
	26.73
	27.76


Table S9: Supplementary results on uncertainty in simulated N application from manure and fertilizers and NH3 emissions from housing and field (kg N ha-1 yr-1) under robustness scenario with low CV values and reference spatial correlations across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500).
	Model output 
	Statistic
	Unit
	NL
	PROV
	AREG
	G500

	N application livestock manure  
	mean
	kg N ha-1 yr-1
	203.96
	203.96
	203.96
	203.96

	
	sd
	kg N ha-1 yr-1
	4.57
	7.13
	9.04
	12.58

	
	2xcv
	-
	0.04
	0.07
	0.09
	0.12

	
	p2.5
	kg N ha-1 yr-1
	194.62
	190.22
	186.09
	179.66

	
	p50
	kg N ha-1 yr-1
	204.18
	203.88
	204.05
	203.91

	
	p97.5
	kg N ha-1 yr-1
	213.17
	217.28
	220.17
	227.69

	N application synthetic fertilizers 

	mean
	kg N ha-1 yr-1
	125.41
	125.41
	125.41
	125.41

	
	sd
	kg N ha-1 yr-1
	16.52
	16.68
	17.00
	18.03

	
	2xcv
	-
	0.26
	0.27
	0.27
	0.29

	
	p2.5
	kg N ha-1 yr-1
	92.65
	92.78
	92.70
	91.53

	
	p50
	kg N ha-1 yr-1
	126.01
	125.96
	125.91
	125.40

	
	p97.5
	kg N ha-1 yr-1
	155.87
	156.58
	158.05
	161.16

	Total NH3 housing and storage and field emissions 

	mean
	kg N ha-1 yr-1
	51.53
	51.53
	51.53
	51.53

	
	sd
	kg N ha-1 yr-1
	2.23
	2.36
	2.56
	5.29

	
	2xcv
	-
	0.09
	0.09
	0.10
	0.21

	
	p2.5
	kg N ha-1 yr-1
	47.18
	47.12
	46.78
	41.92

	
	p50
	kg N ha-1 yr-1
	51.52
	51.46
	51.44
	51.28

	
	p97.5
	kg N ha-1 yr-1
	56.02
	56.35
	56.75
	62.41

	NH3 housing and storage emissions 

	mean
	kg N ha-1 yr-1
	29.54
	29.54
	29.54
	29.54

	
	sd
	kg N ha-1 yr-1
	1.22
	1.23
	1.37
	3.47

	
	2xcv
	-
	0.08
	0.08
	0.09
	0.24

	
	p2.5
	kg N ha-1 yr-1
	27.20
	27.18
	26.92
	23.06

	
	p50
	kg N ha-1 yr-1
	29.54
	29.54
	29.54
	29.44

	
	p97.5
	kg N ha-1 yr-1
	32.02
	32.02
	32.30
	36.63

	NH3 field emissions 

	mean
	kg N ha-1 yr-1
	21.99
	21.99
	21.99
	21.99

	
	sd
	kg N ha-1 yr-1
	1.53
	1.65
	1.73
	2.15

	
	2xcv
	-
	0.14
	0.15
	0.16
	0.20

	
	p2.5
	kg N ha-1 yr-1
	19.19
	19.10
	18.98
	18.28

	
	p50
	kg N ha-1 yr-1
	21.88
	21.84
	21.84
	21.82

	
	p97.5
	kg N ha-1 yr-1
	25.08
	25.37
	25.57
	26.45


Table S10: Supplementary results on uncertainty in simulated N application from manure and fertilizers and NH3 emissions from housing and field (kg N ha-1 yr-1) under robustness scenario with high CV values and reference spatial correlations across spatial scales: Netherlands (NL), provincial (PROV), agricultural region (AREG), and 500m x 500m grid (G500).
	Model output 
	Statistic
	Unit
	NL
	PROV
	AREG
	G500

	N application livestock manure  
	mean
	kg N ha-1 yr-1
	203.85
	203.85
	203.85
	203.85

	
	sd
	kg N ha-1 yr-1
	4.85
	12.18
	17.44
	28.83

	
	2xcv
	-
	0.05
	0.12
	0.17
	0.28

	
	p2.5
	kg N ha-1 yr-1
	194.23
	181.27
	172.36
	151.03

	
	p50
	kg N ha-1 yr-1
	203.79
	203.78
	203.70
	203.15

	
	p97.5
	kg N ha-1 yr-1
	213.27
	226.57
	237.01
	260.95

	N application synthetic fertilizers 

	mean
	kg N ha-1 yr-1
	125.43
	125.43
	125.43
	125.43

	
	sd
	kg N ha-1 yr-1
	16.54
	17.06
	17.95
	23.15

	
	2xcv
	-
	0.26
	0.27
	0.29
	0.37

	
	p2.5
	kg N ha-1 yr-1
	92.64
	92.61
	91.98
	85.37

	
	p50
	kg N ha-1 yr-1
	126.02
	125.73
	125.19
	123.67

	
	p97.5
	kg N ha-1 yr-1
	155.89
	158.24
	161.50
	175.25

	Total NH3 housing and storage and field emissions 

	mean
	kg N ha-1 yr-1
	51.26
	51.26
	51.26
	51.26

	
	sd
	kg N ha-1 yr-1
	2.64
	2.85
	3.34
	11.57

	
	2xcv
	-
	0.10
	0.11
	0.13
	0.45

	
	p2.5
	kg N ha-1 yr-1
	46.23
	45.90
	45.01
	29.61

	
	p50
	kg N ha-1 yr-1
	51.20
	51.19
	51.16
	50.92

	
	p97.5
	kg N ha-1 yr-1
	56.53
	57.06
	58.05
	74.73

	NH3 housing and storage emissions 

	mean
	kg N ha-1 yr-1
	29.52
	29.52
	29.52
	29.52

	
	sd
	kg N ha-1 yr-1
	1.74
	1.77
	2.22
	8.64

	
	2xcv
	-
	0.12
	0.12
	0.15
	0.59

	
	p2.5
	kg N ha-1 yr-1
	26.12
	26.10
	25.32
	13.01

	
	p50
	kg N ha-1 yr-1
	29.51
	29.49
	29.47
	29.37

	
	p97.5
	kg N ha-1 yr-1
	33.26
	33.22
	33.99
	46.82

	NH3 field emissions 

	mean
	kg N ha-1 yr-1
	21.74
	21.74
	21.74
	21.74

	
	sd
	kg N ha-1 yr-1
	1.76
	1.93
	2.11
	3.60

	
	2xcv
	-
	0.16
	0.18
	0.19
	0.33

	
	p2.5
	kg N ha-1 yr-1
	18.49
	18.23
	17.89
	15.42

	
	p50
	kg N ha-1 yr-1
	21.70
	21.63
	21.63
	21.50

	
	p97.5
	kg N ha-1 yr-1
	25.19
	25.63
	26.04
	29.35
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