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Supplementary Methods
Data sources
Agricultural pollution source censes
[bookmark: _Hlk135908662]China conducted two national pollution source censuses in 2007 and 2017. Census objects are industrial pollution sources, agricultural pollution sources, domestic pollution sources, centralized pollution control facilities, mobile sources that emit pollutants in China. Here we focus on data from agricultural sources. The data can be divided into five parts: basic information on farmers and plots, information on crop growing seasons, fertilizer and pesticide application. Basic information of farmers and plots including code, administrative area, planting area, address, planting pattern. Planting season information includes crop name, tillage method, amount of mulch, irrigation method, economic yield, straw yield, and straw return to the field. Fertilizer application information includes planting season, application time, fertilizer type, application amount, nutrient content, and fertilizer application method. Pesticide application information includes the growing season, application purpose, pesticide name, active ingredient, application amount, and application method.
Crop types include rice, wheat, corn, other cereals, soybeans, other legumes, sweet potatoes, potatoes, cotton, hemp, mulberry, oilseed rape, other oilseed crops, sugar cane, sugar beets, tobacco, tea, flowers, herbs, deciduous fruit trees, evergreen fruit trees, bananas, other fruit trees, root and leafy vegetables, melon and fruit vegetables, aquatic vegetables and others. There are 501 types of fertilizer application methods, which can be broadly classified into five types: broadcast, deep application, irrigation after broadcast, irrigation after deep application, and others. Fertilizer types include urea, ammonia, potassium chloride, ammonium chloride, monoammonium phosphate, ammonium nitrate, potassium sulfate, potassium magnesium sulfate, ammonium sulfate, ammonium bicarbonate, phosphate ore powder, potassium dihydrogen phosphate, diammonium phosphate, heavy calcium superphosphate, ordinary calcium superphosphate, other binary or ternary compound fertilizers, calcium-magnesium phosphate, cattle manure, pig manure, chicken manure, commercial organic fertilizer, other livestock manure, slow-release urea, etc. It can be divided into inorganic fertilizers, organic fertilizers, controlled release fertilizers and others. Since only controlled-release fertilizers were available in 2017, controlled-release fertilizers were categorized as inorganic fertilizers for comparison. The questionnaire was filled out by interviewers interviewing farmers, and the nutrient content of the fertilizer may not accurate and it was corrected by using fertilizer-related information, see Supplementary Table 2 for specific figures. 

Scenario analyses
BAU scenario
After calculating annual change ratio, we got the change for every time point by the following formulas:
           (1)
           (2)
           (3)
           (4)
           (5)
           (6)
And the values for each item in these time points were calculated:
           (7)
           (8)
           (9)
           (10)
           (11)
           (12)
POL scenario
In the Action Plan for Fertilizer Reduction by 2025, the target tasks of further reducing the total amount of chemical fertilizer application and increasing the amount of organic fertilizer resources returned to the field are proposed. Referring to the specific requirement of "increasing the proportion of organic fertilizer application area by more than 5 percentage points by 2025", we set the change of organic fertilizer using the following formulas:
           (13)
while the The increase in organic fertilizer corresponds to a decrease in inorganic fertilizer while keeping the amount of nitrogen input constant.

SUG scenario
In this scenario, each crop in each plot would achieve the recommended amount in 2050 and maintain the current organic fertilizer rates. For recommended nitrogen application amounts we refer to Zhang et al, and details see Supplement Table 16. 


Uncertainty Analysis
We performed uncertainty analysis in Matlab R2021a using Monte Carlo simulation. The objects can be divided into two parts, the first part is the direct prediction of results, including fertilizer, manure, output, and nitrogen fertilizer utilization efficiency, and the other part is N2O, NH3 emission, leaching and runoff, which is based on the first part. For the former, since the regression results have a confidence interval of 95%, we set the floating range according to this, while the latter has to multiply the confidence interval of emission and loss coefficient again, which is all 95% according to our collections. The cost-benefit uncertainty analysis is further calculated based on the above results. Specific results are shown in Supplement Tables 17-23 and 26-28.


Supplement Figure 1 Wet and dry region division
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Supplement Figure 2 Organic fertilizer use change in China State Farms
[image: ]
Note: All data is from China State Farms Statistical Yearbook, we showed all the available years.


[bookmark: _Hlk144056686]Supplement Figure 3 County number of increases or decreases in different indicators from 2007 to 2017
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[bookmark: _Hlk116893850]Supplement Table 1 Changes of nitrogen use and farming practice from 2007 to 2017
	
	2007
	2017
	Change (%)

	Fertilizer (kg N/ha)
	198.51
	181.82
	-8

	Fertilizer (Tg N)
	30.37
	30.18
	-1

	Manure (kg N/ha)
	23.75
	16.68
	-30

	Manure (Tg N)
	3.63
	2.77
	-24

	Harvest (kg N/ha)
	89.41
	98.53
	+10

	Harvest (Tg N)
	13.68
	16.36
	+20

	NUEc (%)
	60.16 
	71.26 
	+18

	Manure percent (%)
	11.67
	11.19
	-4

	No-tillage percent (%)
	9.83
	13.57
	+38

	Straw recycled (kg N/ha)
	7.87
	24.02
	+205

	Straw recycled (Tg)
	1.20
	3.99
	+231

	Deep-placement percent (%)
	44.40
	56.26
	+27

	N2O emission (kg N/ha)
	2.13 
	1.84
	-14

	N2O emission (Tg N)
	0.33
	0.31
	-6

	NH3 emission (kg N/ha)
	25.49
	21.47
	-16

	NH3 emission (Tg N)
	3.90
	3.56
	-9

	N leaching (kg N/ha)
	31.12
	27.64
	-11

	N leaching (Tg N)
	4.76
	4.59
	-4

	N runoff (kg N/ha)
	10.88
	9.61
	-12

	N runoff (Tg N)
	1.66
	1.60
	-4




Supplement Table 2 Related policy documents in China
	Time
	Name
	Content

	1979
	Decision of the Central Committee of the Communist Party of China on Several Issues of Accelerating Agricultural Development
	To seriously study the prevention and control of chemical fertilizers, pesticides on crops, water, environmental pollution caused by effective methods, and actively promote biological control

	1984
	Start of soil monitoring
	

	1989
	Environmental Protection Law of the People's Republic of China
	Rational application of pesticides and fertilizers

	1992
	UNDP and the Ministry of Agriculture signed a cooperation agreement on balanced fertilization project
	

	2000
	Fertilizer registration management methods
	

	2005
	Central Document No.1
	Directly proposed to promote soil testing and fertilization

	2006
	Soil formula fertilization subsidy project
	

	2008
	Circular Economy Promotion Law of the People's Republic of China
	Comprehensive utilization of crop straw, livestock manure, etc.

	2012
	Launched the implementation of the national agricultural enterprises to cooperate in the promotion of formula fertilizer pilot work
	

	2013
	Opinions on accelerating the promotion and application of formula fertilizer
	

	2014
	Implementation Opinions on Fighting the Battle of Agricultural Surface Source Pollution Prevention and Control; Regulation on the Prevention and Control of Pollution from Large-scale Breeding of Livestock and Poultry
	

	2015
	Action plan for Zero Growth in Chemical Fertilizer Use by 2020
	

	2016
	The establishment of a reform program for a green and ecologically oriented agricultural subsidy system; Fertilizer and pesticide use intensity is included in the ecological civilization construction target evaluation and assessment methods and indicator system
	

	2017
	Action Plan for Replacing Chemical Fertilizers by Organic Fertilizer in Fruits, Vegetables, and Tea Plantations
	

	2021
	The 14th Five-Year Plan of National Agricultural Green Development
	



Supplement Table 3 N concentrations in fertilizer and manure
	Fertilizer name
	N concentration (%)

	Urea
	46%

	Ammonium bicarbonate
	17%

	Ammonium sulfate
	21%

	Ammonium nitrate
	31%

	Ammonium chloride
	24%

	Ammonia water
	15%

	Slow-release urea
	30%

	Common superphosphate
	n/a

	Calcium magnesium phosphate fertilizer
	n/a

	Heavy superphosphate
	n/a

	Phosphate powder
	n/a

	Potassium chloride
	n/a

	Potassium sulfate
	n/a

	Potassium magnesium sulfate
	n/a

	Diammonium phosphate
	18%

	Monoammonium phosphate
	12%

	Potassium dihydrogen phosphate
	0%

	Potassium nitrate
	12%

	Organic and inorganic compound fertilizer
	14.52%

	Other two or three compound fertilizer
	16.97%

	Commercial organic fertilizer
	4%

	Chicken manure
	1%

	Pig manure
	0.9%

	Cow dung
	0.6%

	Other bird dung
	1.23%

	Other animal manure
	1%

	Other organic fertilizers
	4.31%


Note: Since it is difficult to give an accurate number of nitrogen content in manure, N concentration (%) less than the value in the table remains the same as the original statistical value.

[bookmark: _Hlk135944874]Supplement Table 4 N concentrations in grain and straw
	Crop
	Grain N concentration (%)
	Straw N concentration (%)

	Grain
	2.1%
	1.2%

	cereal
	1.5%
	1.3%

	Rice
	1.1%
	0.8%

	Wheat
	2.1%
	0.5%

	maize
	1.6%
	0.6%

	Millet
	1.9%
	0.7%

	Chinese sorghum
	1.8%
	0.7%

	Beans
	3.4%
	1.8%

	tubers (Potatoes)
	0.3%
	3.0%

	Cotton (structural fiber)
	0.2%
	1.6%

	oil crops
	
	

	Peanut
	4.0%
	1.8%

	Rape
	3.5%
	0.7%

	Sesame
	3.5%
	0.7%

	flaxseed
	3.5%
	0.7%

	Sunflower
	4.1%
	1.2%

	Hemp (structural fiber)
	0.8%
	0.3%

	Sugarcane
	0.6%
	0.7%

	Sugarbeet
	0.2%
	0.7%

	Tobacco(non-structural fiber)
	1.5%
	0.8%

	Tea
	3.5%
	n/a

	Apple
	0.0%
	n/a

	Citrus
	0.1%
	n/a

	Pear
	0.1%
	n/a

	Grape
	0.1%
	n/a

	Banana
	0.2%
	n/a

	Pineapple
	0.0%
	n/a

	Date
	0.4%
	n/a

	Persimmon
	0.2%
	n/a

	Melons
	0.2%
	n/a

	Vegetable
	0.2%
	n/a




Supplement Table 5 Crop classification
	Crop class
	Crop name

	Rice
	`"Rice"' `"Early rice"' `"Late rice"' `"Single-season rice"'

	Wheat
	`"Wheat"' `"Winter wheat"' 

	Maize
	Maize

	Other grains
	`"Cereals"' `"Other grains" `"Soybeans"' `"Other legumes" `"Sweet potatoes"' `"Sweet potatoes"' `"Spring yams" `"Yams" `"Sweet potatoes" `"Yams"' `"Potatoes"''

	Cash crops
	'"Cotton"' '"Oilseed rape"' '"Peanuts"' '"Sesame"' '"Sugarcane"' '"Roasted tobacco"' '"Tobacco"' '"Tea"' '"Tea leaves"' '"Herbs"' '"Yuanhu"' '"Shegan"''"Other cash crops"'

	Vegetables
	`"cabbage"'' `"lettuce"' `"cabbage"' `"vegetables"' `"cabbage"' `"yams"' `"rape"' `"bell peppers"' `"root and leafy vegetables"' `"cabbage"' `"ginger"' `"seedlings"' `"potatoes"' `"amaranth"' `"lettuce"' `"turnips"' `"vegetable hearts"' `"cauliflower"' `"onions"' `"carrots"' `" Melon vegetables-eggplant"' `"tomatoes"' `"eggplant"' `"cowpeas"' `"beans"' `"beans"' `"pucchini"' `"wild gourd"' `"string beans"' `"latkes"' `"carrots"' `"frangipani"' `"melon vegetables (tomatoes)"'

	Melons and Fruits
	`"Apple"' `"Pear"' `"Peach"' `"Grape"' `"Mulberry"' `"Lychee"' `"Citrus"' `"Evergreen fruit tree"' `"Banana"' `"Pineapple"' `"Other fruit trees"' `"Japanese sweet tomato"' `"Ume"' `"Loquat"' `"Pomegranate"' `"Plum"' `"Melon"' `"Spring watermelon"' `"Banana"' `"Grapefruit"' `"Melon"' `"Western melon"' `"Watermelon"'



	

Supplement Table 6 Emission factors and leaching and runoff ratios
	Factors
	Disaggregation
	Uncertainty range
	Reference

	
	
	
	
	

	N2O emission factor
	Synthetic fertiliser inputs in wet climates
	0.013 – 0.019
	2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
	

	
	
	
	
	

	
	Other N inputs in wet climates
	0.001 – 0.011
	
	

	
	
	
	
	

	
	All N inputs in dry climates
	0.000 – 0.011
	
	

	NH3 emission factor
	Rice& Wheat& Maize&Vegetable
	Chemical fertiliser
	12.59%-14.36%
	Global soil-derived ammonia emissions from agricultural nitrogen fertilizer application: A refinement based on regional and crop-specific emission factors
	

	
	
	Organic fertiliser
	11.34%-16.10%
	
	

	
	Other crops
	3.58%-5.79%
	
	

	Leaching ratio
	Chemical fertiliser
	12%-15%
	Organic inputs to reduce nitrogen export via leaching and runoff: A global meta-analysis
	

	
	Organic fertiliser
	8.2%-10%
	
	

	Runoff ratio
	Chemical fertiliser
	3.3%-5.7%
	
	

	
	Organic fertiliser
	1.9%-3.3%
	
	


Note: Wet and dry regions division can be seen in Supplement Figure 3.


Supplement Table 7 Emission factors we used
	Factors
	Disaggregation
	Amount of input
	Value (%)

	N2O emission factor
	Fertilizer in wet regions
	≥292
	1.9

	
	
	207-292
	1.7

	
	
	142-207
	1.6

	
	
	102-142
	1.4

	
	
	<102
	1.3

	
	Fertilizer in dry regions
	≥292
	1.1

	
	
	207-292
	0.8

	
	
	142-207
	0.6

	
	
	102-142
	0.3

	
	
	<102
	0.1

	
	Manure
	≥150
	1.1

	
	
	85.5-150
	0.8

	
	
	54.6-85.5
	0.5

	
	
	30-54.6
	0.2

	
	
	<30
	0.1

	NH3 emission factor
	Fertilizer for Rice& Wheat& Maize& Vegetable
	≥292
	14.36

	
	
	207-292
	13.92

	
	
	142-207
	13.48

	
	
	102-142
	13.03

	
	
	<102
	12.59

	
	Manure for Rice& Wheat& Maize& Vegetable
	≥150
	16.10

	
	
	85.5-150
	14.91

	
	
	54.6-85.5
	13.72

	
	
	30-54.6
	12.53

	
	
	<30
	11.34

	
	Other crops
	≥324
	5.79

	
	
	228-324
	5.24

	
	
	162-228
	4.69

	
	
	109-162
	4.13

	
	
	<109
	3.58





Supplement Table 8 Leaching and runoff ratios we used
	Factors
	Disaggregation
	Amount of input
	Value (%)

	Leaching ratio
	Fertilizer
	≥292
	15.00

	
	
	207-292
	14.25

	
	
	142-207
	13.50

	
	
	102-142
	12.75

	
	
	<102
	12.00

	
	Manure
	≥150
	10.00

	
	
	85.5-150
	9.55

	
	
	54.6-85.5
	9.10

	
	
	30-54.6
	8.65

	
	
	<30
	8.20

	Runoff ratio
	Fertilizer
	≥292
	5.70

	
	
	207-292
	5.10

	
	
	142-207
	4.50

	
	
	102-142
	3.90

	
	
	<102
	3.30

	
	Manure
	≥150
	3.30

	
	
	85.5-150
	2.95

	
	
	54.6-85.5
	2.60

	
	
	30-54.6
	2.25

	
	
	<30
	1.90




Supplement Table 9 Relations between fertilizer and NUEc and Nharvest
	
	NUEc
	Nharvest

	Fertilizer2
	0.978***
	-0.001***

	Fertilizer (kg/ha)
	-1.454***
	0.107***

	Year
	Yes
	Yes

	PAC
	Yes
	Yes

	
	
	

	N
	2,927,114
	3,007,614

	Adjust R2
	0.46
	0.24

	Extreme point
	475.58
	454.72

	Model
	OLS
	OLS




Supplement Table 10 Relations between manure percent and NUEc, fertilizer and Nharvest
	
	NUEc
	Fertilizer
	Nharvest

	Manure percent2
	0.284***
	-0.399***
	-0.088***

	Manure percent (%)
	-0.147***
	0.081***
	0.081***

	Year
	Yes
	Yes
	Yes

	Plant
	Yes
	Yes
	Yes

	PAC
	Yes
	Yes
	Yes

	
	
	
	

	N
	2,955,384
	3,128,239
	3,098,165

	Adjust R2
	0.23
	0.31
	0.36

	Within R2
	0.04
	0.11
	0.01

	Extreme point
	0.16
	0.09
	0.41

	Model
	FEP
	FEP
	FEP



Supplement Table 11 Relations between deep-placement percent and NUEc, fertilizer and Nharvest
	
	NUEc
	Fertilizer
	Nharvest

	Dep-placement percent2
	0.583***
	-0.818***
	-0.103***

	Deep-placement percent (%)
	-0.597***
	0.802***
	0.052***

	Year
	Yes
	Yes
	Yes

	Plant
	Yes
	Yes
	Yes

	PAC
	Yes
	Yes
	Yes

	
	
	
	

	N
	2,955,390
	3,128,239
	3,098,165

	Adjust R2
	0.22
	0.24
	0.36

	Within R2
	0.02
	0.02
	0.01

	Extreme point
	0.52
	0.49
	0.26

	Model
	FEP
	FEP
	FEP




Supplement Table 12 Relations between straw-recycled and NUEc, fertilizer and Nharvest
	
	Ln NUEc
	Ln Fertilizer
	Ln Nharvest

	ln straw-recycled (kg/ha)
	0.037***
	0.009***
	0.032***

	Year
	Yes
	Yes
	Yes

	Plant
	Yes
	Yes
	Yes

	PAC
	Yes
	Yes
	Yes

	
	
	
	

	N
	2,924,663
	3,096,752
	3,112,665

	Adjust R2
	0.37
	0.23
	0.44

	Within R2
	0.01
	0.00
	0.01

	Model
	FEP
	FEP
	FEP





Supplement Table 13 Recommended N application rate for different crops (kg N ha-1)
	
	Recommended N application rate

	Rice
	134

	Wheat
	112

	Maize
	132

	Other crops
	111

	Cash crops
	141

	Melon and fruit
	283

	Vegetable
	259


Note: The value is from guidance on scientific fertilization of major crops in 2010 by the Ministry of Agriculture of the People’s Republic of China and Zhang et al 4.


Supplement Table 14 Predictions and uncertainty analysis for nitrogen in fertilizer (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	168.75 
	164.93 
	168.78 
	150.82 
	150.85 
	5.49 
	5.42 
	5.56 
	4.92 
	4.88 

	2030
	164.29 
	159.66 
	159.77 
	135.59 
	132.35 
	5.36 
	5.23 
	5.22 
	4.40 
	4.32 

	2035
	161.47 
	156.31 
	151.81 
	122.25 
	116.24 
	5.29 
	5.11 
	5.01 
	3.98 
	3.81 

	2040
	159.92 
	153.91 
	146.41 
	110.05 
	103.09 
	5.24 
	5.05 
	4.77 
	3.61 
	3.42 

	2045
	159.16 
	152.39 
	142.31 
	98.54 
	91.51 
	5.15 
	4.97 
	4.66 
	3.16 
	3.00 

	2050
	158.65 
	151.47 
	140.87 
	87.44 
	81.53 
	5.17 
	4.92 
	4.56 
	2.87 
	2.67 




Supplement Table 15 Predictions and uncertainty analysis for nitrogen in manure (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	12.32 
	15.53 
	16.47 
	33.10 
	37.40 
	0.40 
	0.51 
	0.54 
	1.08 
	1.23 

	2030
	11.12 
	15.78 
	17.43 
	44.02 
	48.05 
	0.36 
	0.51 
	0.57 
	1.43 
	1.57 

	2035
	10.81 
	16.20 
	18.39 
	54.84 
	57.15 
	0.35 
	0.53 
	0.61 
	1.80 
	1.86 

	2040
	10.67 
	16.72 
	19.03 
	65.68 
	65.54 
	0.35 
	0.54 
	0.62 
	2.15 
	2.15 

	2045
	10.62 
	16.71 
	19.38 
	76.50 
	73.42 
	0.35 
	0.55 
	0.63 
	2.50 
	2.37 

	2050
	10.60 
	17.25 
	22.19 
	87.44 
	81.53 
	0.35 
	0.56 
	0.73 
	2.89 
	2.66 





Supplement Table 16 Predictions and uncertainty analysis for nitrogen in harvest (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	108.99 
	108.94 
	109.28 
	109.25 
	109.44 
	3.56 
	3.59 
	3.55 
	3.52 
	3.55 

	2030
	110.19 
	110.14 
	110.29 
	110.50 
	110.45 
	3.61 
	3.60 
	3.62 
	3.60 
	3.60 

	2035
	110.52 
	110.46 
	110.31 
	110.75 
	110.40 
	3.62 
	3.60 
	3.63 
	3.60 
	3.62 

	2040
	110.54 
	110.49 
	110.09 
	110.58 
	110.05 
	3.58 
	3.59 
	3.57 
	3.59 
	3.58 

	2045
	110.50 
	110.43 
	109.81 
	110.18 
	109.53 
	3.60 
	3.61 
	3.61 
	3.60 
	3.61 

	2050
	110.45 
	110.36 
	109.56 
	109.60 
	108.92 
	3.57 
	3.57 
	3.58 
	3.51 
	3.59 




Supplement Table 17 Predictions and uncertainty analysis for NUEc (%)

	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	49.94 
	50.62 
	50.49 
	54.13 
	54.67 
	1.62 
	1.66 
	1.66 
	1.77 
	1.78 

	2030
	51.11 
	51.97 
	52.59 
	57.69 
	58.96 
	1.66 
	1.71 
	1.73 
	1.88 
	1.93 

	2035
	51.73 
	52.72 
	54.16 
	60.65 
	62.51 
	1.70 
	1.71 
	1.76 
	1.98 
	2.01 

	2040
	52.07 
	53.17 
	55.16 
	63.32 
	65.45 
	1.72 
	1.74 
	1.81 
	2.07 
	2.14 

	2045
	52.23 
	53.44 
	55.88 
	65.84 
	68.07 
	1.70 
	1.74 
	1.82 
	2.15 
	2.23 

	2050
	52.28 
	53.58 
	56.34 
	68.27 
	70.44 
	1.73 
	1.73 
	1.83 
	2.25 
	2.30 




Supplement Table 18 Predictions and uncertainty analysis for N2O emission (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	1.67 
	1.67 
	1.64 
	1.50 
	1.45 
	0.08 
	0.08 
	0.08 
	0.07 
	0.07 

	2030
	1.63 
	1.62 
	1.53 
	1.40 
	1.27 
	0.08 
	0.07 
	0.07 
	0.07 
	0.06 

	2035
	1.61 
	1.60 
	1.44 
	1.36 
	1.14 
	0.07 
	0.07 
	0.07 
	0.06 
	0.05 

	2040
	1.60 
	1.59 
	1.37 
	1.35 
	1.07 
	0.07 
	0.07 
	0.06 
	0.06 
	0.05 

	2045
	1.59 
	1.58 
	1.31 
	1.35 
	1.08 
	0.07 
	0.07 
	0.06 
	0.06 
	0.05 

	2050
	1.59 
	1.58 
	1.29 
	1.37 
	1.06 
	0.07 
	0.07 
	0.06 
	0.06 
	0.05 




Supplement Table 19 Predictions and uncertainty analysis for NH3 emission (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	20.44 
	20.46 
	20.43 
	20.11 
	20.05 
	0.94 
	0.95 
	0.93 
	0.95 
	0.93 

	2030
	19.90 
	19.92 
	19.30 
	19.55 
	18.81 
	0.92 
	0.92 
	0.89 
	0.90 
	0.87 

	2035
	19.58 
	19.61 
	18.33 
	19.33 
	17.84 
	0.91 
	0.91 
	0.86 
	0.90 
	0.82 

	2040
	19.41 
	19.44 
	17.67 
	19.27 
	17.20 
	0.89 
	0.90 
	0.82 
	0.87 
	0.80 

	2045
	19.31 
	19.35 
	17.12 
	19.34 
	16.93 
	0.89 
	0.89 
	0.79 
	0.89 
	0.79 

	2050
	19.29 
	19.33 
	16.89 
	19.51 
	16.83 
	0.88 
	0.91 
	0.79 
	0.91 
	0.78 





Supplement Table 20 Predictions and uncertainty analysis for N leaching (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	25.32 
	25.14 
	25.41 
	23.97 
	23.99 
	1.17 
	1.16 
	1.16 
	1.11 
	1.11 

	2030
	24.63 
	24.41 
	23.94 
	22.63 
	21.88 
	1.13 
	1.13 
	1.12 
	1.04 
	1.03 

	2035
	24.21 
	23.97 
	22.72 
	21.66 
	20.16 
	1.11 
	1.10 
	1.05 
	1.00 
	0.94 

	2040
	23.98 
	23.70 
	21.87 
	20.90 
	18.95 
	1.10 
	1.10 
	1.01 
	0.97 
	0.87 

	2045
	23.85 
	23.56 
	21.19 
	20.28 
	18.21 
	1.11 
	1.08 
	0.98 
	0.93 
	0.83 

	2050
	23.82 
	23.50 
	20.78 
	19.77 
	17.60 
	1.10 
	1.08 
	0.98 
	0.91 
	0.81 




Supplement Table 21 Predictions and uncertainty analysis for N runoff (kg/ha)
	　
	Predictions
	Uncertainty analysis standard deviation

	　
	BAU
	POL
	SUG
	M50
	SUG50
	BAU
	POL
	SUG
	M50
	SUG50

	2025
	8.78 
	8.70 
	8.67 
	8.02 
	7.86 
	0.41 
	0.40 
	0.40 
	0.37 
	0.36 

	2030
	8.54 
	8.44 
	8.06 
	7.44 
	6.89 
	0.40 
	0.39 
	0.38 
	0.34 
	0.32 

	2035
	8.39 
	8.28 
	7.56 
	7.03 
	6.11 
	0.39 
	0.38 
	0.35 
	0.33 
	0.28 

	2040
	8.32 
	8.20 
	7.20 
	6.70 
	5.59 
	0.38 
	0.38 
	0.33 
	0.30 
	0.26 

	2045
	8.27 
	8.14 
	6.90 
	6.43 
	5.37 
	0.39 
	0.38 
	0.32 
	0.30 
	0.25 

	2050
	8.26 
	8.12 
	6.71 
	6.21 
	5.12 
	0.38 
	0.37 
	0.31 
	0.29 
	0.24 





Supplement Table 22 Cost and benefit of fertilizer, manure use and mitigation of Nr losses to air and water in China
	
	Fertilizer use
($/kg N)
	Manure use
($/kg N)
	Education and Promotion
($/one year)
	Ecosystem ($/kg N)

	
	
	
	
	NH3
	N2O
	N runoff
	N leaching

	Cost/benefit
	1.3
	0.7
	0.1 billion
	4.8
	0.8
	10.1
	0



	
	Human Health ($/kg N)
	Climate impact ($/kg N)
	Yield benefit ($/kg N)

	
	NH3
	NH3
	N2O
	crop price

	Cost/benefit
	13.9
	-1.74
	13.37
	17




Supplement Table 23 Prediction of cultivated area in China
	Year
	2025
	2030
	2035
	2040
	2045
	2050

	Area (million ha)
	166
	163
	159
	154
	148
	141


Note: it’s calculated according to Zhang’s method, details see her previous study.


Supplement Table 24 Cost and benefit of different scenario in different year (billion USD)
	　
	2025
	2030

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.05 
	0.02 
	0.77 
	0.91 
	-0.05 
	1.35 
	0.79 
	2.47 

	Ecosystem benefit
	0.12 
	0.19 
	1.56 
	1.88 
	0.15 
	1.27 
	2.10 
	3.62 

	Yield benefit
	-0.15 
	0.83 
	0.74 
	1.29 
	-0.12 
	0.29 
	0.87 
	0.73 

	Climate impact
	0.02 
	0.07 
	0.30 
	0.37 
	0.03 
	0.06 
	0.41 
	0.49 

	Net implementation cost
	-0.37 
	-0.48 
	-2.41 
	-2.91 
	-0.53 
	-0.72 
	-3.75 
	-4.21 

	Fertilizer saving
	0.82 
	-0.01 
	3.87 
	3.86 
	0.98 
	0.96 
	6.08 
	6.77 

	
	
	
	
	
	
	
	
	

	　
	2035
	2040

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.06 
	2.77 
	0.57 
	3.86 
	-0.07 
	3.72 
	0.29 
	4.73 

	Ecosystem benefit
	0.16 
	2.32 
	2.42 
	5.05 
	0.16 
	3.06 
	2.65 
	5.93 

	Yield benefit
	-0.15 
	-0.56 
	0.64 
	-0.30 
	-0.15 
	-1.18 
	0.09 
	-1.30 

	Climate impact
	0.03 
	0.02 
	0.46 
	0.51 
	0.03 
	0.00 
	0.48 
	0.49 

	Net implementation cost
	-0.60 
	-0.84 
	-4.90 
	-5.16 
	-0.65 
	-0.90 
	-5.93 
	-5.91 

	Fertilizer saving
	1.07 
	2.00 
	8.11 
	9.35 
	1.20 
	2.71 
	9.98 
	11.38 

	
	
	
	
	
	
	
	
	

	　
	2045
	2050

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.08 
	4.52 
	-0.06 
	4.90 
	-0.08 
	4.71 
	-0.43 
	4.82 

	Ecosystem benefit
	0.17 
	3.65 
	2.77 
	6.10 
	0.17 
	3.86 
	2.80 
	6.19 

	Yield benefit
	-0.18 
	-1.73 
	-0.82 
	-2.46 
	-0.22 
	-2.14 
	-2.03 
	-3.67 

	Climate impact
	0.03 
	-0.02 
	0.48 
	0.40 
	0.03 
	-0.02 
	0.47 
	0.40 

	Net implementation cost
	-0.63 
	-0.91 
	-6.82 
	-6.51 
	-0.66 
	-1.14 
	-7.58 
	-7.00 

	Fertilizer saving
	1.30 
	3.24 
	11.66 
	13.02 
	1.32 
	3.26 
	13.05 
	14.14 






Supplement Table 25 Upper limit of cost-benefit uncertainty analysis (billion USD)
	　
	2025
	2030

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.02 
	-0.01 
	0.78 
	0.86 
	-0.02 
	1.29 
	0.75 
	2.37 

	Ecosystem benefit
	0.10 
	0.16 
	1.49 
	1.78 
	0.15 
	1.23 
	2.00 
	3.47 

	Yield benefit
	-0.23 
	0.88 
	0.92 
	1.28 
	-0.09 
	0.28 
	0.80 
	0.76 

	Climate impact
	0.01 
	0.07 
	0.28 
	0.36 
	0.02 
	0.06 
	0.39 
	0.47 

	Net implementation cost
	-0.36 
	-0.47 
	-2.33 
	-2.82 
	-0.52 
	-0.70 
	-3.63 
	-4.08 

	Fertilizer saving
	0.81 
	0.00 
	3.75 
	3.73 
	0.94 
	0.92 
	5.86 
	6.54 

	
	
	
	
	
	
	
	
	

	　
	2035
	2040

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.05 
	2.67 
	0.57 
	3.66 
	-0.06 
	3.56 
	0.24 
	4.52 

	Ecosystem benefit
	0.16 
	2.23 
	2.32 
	4.82 
	0.16 
	2.92 
	2.51 
	5.66 

	Yield benefit
	-0.20 
	-0.57 
	0.60 
	-0.33 
	-0.21 
	-1.16 
	0.14 
	-1.34 

	Climate impact
	0.02 
	0.02 
	0.43 
	0.49 
	0.03 
	0.00 
	0.46 
	0.46 

	Net implementation cost
	-0.58 
	-0.82 
	-4.74 
	-4.99 
	-0.63 
	-0.87 
	-5.74 
	-5.72 

	Fertilizer saving
	1.03 
	1.94 
	7.84 
	9.05 
	1.18 
	2.62 
	9.67 
	11.03 

	
	
	
	
	
	
	
	
	

	　
	2045
	2050

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.07 
	4.33 
	-0.05 
	4.70 
	-0.06 
	4.50 
	-0.40 
	4.59 

	Ecosystem benefit
	0.14 
	3.47 
	2.63 
	5.82 
	0.17 
	3.69 
	2.68 
	5.91 

	Yield benefit
	-0.21 
	-1.75 
	-0.84 
	-2.47 
	-0.15 
	-2.06 
	-1.87 
	-3.58 

	Climate impact
	0.02 
	-0.02 
	0.46 
	0.38 
	0.02 
	-0.02 
	0.45 
	0.38 

	Net implementation cost
	-0.61 
	-0.88 
	-6.60 
	-6.30 
	-0.63 
	-1.11 
	-7.33 
	-6.77 

	Fertilizer saving
	1.27 
	3.15 
	11.28 
	12.60 
	1.27 
	3.15 
	12.64 
	13.68 






Supplement Table 26 Lower bound of cost-benefit uncertainty analysis (billion USD)
	　
	2025
	2030

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.09 
	0.01 
	0.75 
	0.91 
	-0.04 
	1.41 
	0.84 
	2.59 

	Ecosystem benefit
	0.12 
	0.19 
	1.62 
	1.95 
	0.17 
	1.34 
	2.21 
	3.79 

	Yield benefit
	-0.06 
	0.87 
	0.70 
	1.21 
	-0.15 
	0.33 
	0.74 
	0.69 

	Climate impact
	0.02 
	0.07 
	0.32 
	0.40 
	0.02 
	0.06 
	0.42 
	0.51 

	Net implementation cost
	-0.39 
	-0.50 
	-2.49 
	-3.01 
	-0.55 
	-0.74 
	-3.88 
	-4.35 

	Fertilizer saving
	0.84 
	-0.03 
	3.99 
	3.99 
	0.99 
	0.98 
	6.27 
	6.98 

	
	
	
	
	
	
	
	
	

	　
	2035
	2040

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.06 
	2.89 
	0.59 
	4.03 
	-0.10 
	3.86 
	0.31 
	4.90 

	Ecosystem benefit
	0.17 
	2.44 
	2.53 
	5.29 
	0.16 
	3.19 
	2.79 
	6.19 

	Yield benefit
	-0.29 
	-0.52 
	0.52 
	-0.30 
	-0.16 
	-1.21 
	0.15 
	-1.36 

	Climate impact
	0.02 
	0.02 
	0.48 
	0.54 
	0.03 
	0.01 
	0.50 
	0.52 

	Net implementation cost
	-0.62 
	-0.87 
	-5.06 
	-5.33 
	-0.67 
	-0.93 
	-6.13 
	-6.11 

	Fertilizer saving
	1.10 
	2.06 
	8.38 
	9.67 
	1.25 
	2.81 
	10.32 
	11.75 

	
	
	
	
	
	
	
	
	

	　
	2045
	2050

	　
	POL
	SUG
	M50
	SUG50
	POL
	SUG
	M50
	SUG50

	Health benefit
	-0.06 
	4.76 
	-0.04 
	5.12 
	-0.14 
	4.89 
	-0.50 
	5.00 

	Ecosystem benefit
	0.18 
	3.84 
	2.91 
	6.39 
	0.17 
	4.03 
	2.92 
	6.47 

	Yield benefit
	-0.14 
	-1.67 
	-0.81 
	-2.40 
	-0.17 
	-1.99 
	-2.14 
	-3.50 

	Climate impact
	0.02 
	-0.02 
	0.50 
	0.42 
	0.03 
	-0.02 
	0.50 
	0.42 

	Net implementation cost
	-0.65 
	-0.94 
	-7.05 
	-6.72 
	-0.68 
	-1.18 
	-7.83 
	-7.23 

	Fertilizer saving
	1.34 
	3.34 
	12.05 
	13.43 
	1.36 
	3.38 
	13.48 
	14.60 
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