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Table S1 Calculation equations of each nitrogen flow
	Flow code
	Flow between industries
	Description of flow component
	Equation
	reference

	
	from
	to
	
	
	

	N1
	import
	cropfarming
	Import fertilizer N
	 = Recommended N application as chemical fertilizer per unit area*× harvested area for each crop category
	*National crop farm and Food Research Organization (NARO) 2012 Database of fertilizer recommendations (in Japanese) (www.naro.affrc.go.jp/collab/program/laboratory/ carc/039854.html) (Accessed 25 October 2023)

	N2
	import
	livestock
	Import feed N
	 = [Total N output from livestock (Calculated by adding the pre-calculated nitrogen flows)] – [ Total N input to livestock from inside (N7+N14)]
	

	N3
	import
	food processing
	Import N in food to food process
	 =[ Total N output from food process (N16 + N17 + N18 + N26 + N27 + N28)] –  [Total N input to food process from inside (Calculated by adding the pre-calculated nitrogen flows)]
	

	N4
	import
	distributor
	Import N in food to distributor
	 = [Total N output from distributor (Calculated by adding the pre-calculated nitrogen flows)] – [Total N input to distributor from inside (Calculated by adding the pre-calculated nitrogen flows)]
	

	N5
	import
	food service
	Import N in food to food service
	 =[ Total N output from foodservice (Calculated by adding the pre-calculated nitrogen flows)] – [ Total N input to foodservice from inside (Calculated by adding the pre-calculated nitrogen flows)]
	

	N6
	environment
	cropfarming
	Biological N Fixation
	 = 105×(Area of beans)+130×(Area of green manure)+112×(Area of peanut)+30*(Area of rice)+∑(i=1~10)×(Area of wheat, barley, corn, tubers, rapeseed, sesame, cotton, sugarcane, vegetables, and fruits)×15/1000
	accroding to the equation cited by Zhang et al. (2022)

	N7
	cropfarming
	livestock
	N in Feed produced in crop farming
	 = Feed crop production*1 × nitrogen content for each crop*2
	*1: MAFF, Yamanashi Annual Report of Agriculture, Forestry and Fisheries Statistics, *2: Kanazawa, 2009 

	N8
	cropfarming
	N loss
	N loss from crop farming
	 = [Total N input to cropfarming (N1 + N6+ N35)]-[Total N in crop products (Calculated by adding the pre-calculated nitrogen flows)]
	

	N9
	livestock
	resourserecovery
	N from livestock excreta for composting
	 = Number of each livestock*1 × Excretion volume unit*2 × N content in excreta*2 × rate of composting at target year in Yamanashi
	*1: shown in table S5, *2: shown in tableS6 

	N10
	livestock
	wastetreatment
	N from livestock excreta for drainage treatment
	 = Number of each livestock*1 × Excretion volume unit*2 × N content in excreta*2 × rate of drainage at target year in Yamanashi
	*1: shown in table S5, *2: shown in tableS6 

	N11
	livestock
	N loss
	N loss from livestock
	 = Number of each livestock*1 × Excretion volume unit*2 × N content in excreta (%*2) ×N volatilization rate*3
	*1: shown in table S5, *2: shown in tableS6, *3: shown in table S7

	N12
	food proces
	N loss
	N loss as food loss
	 = Plant and animal residues at target year in Yamanashi × N content (*1) × Other processing rate at target year in Yamanashi
	*1: Average value multiplied by nitrogen content for food items in the food manufacturing industry

	N13
	food proces
	resourserecovery
	N in food loss from food process for composting
	 = Plant and animal residues at target year in Yamanashi × N content (*1)× composting rate at target year in Yamanashi 
	*1: Average value multiplied by nitrogen content for food items in the food manufacturing industry

	N14
	food processing
	livestock
	N in recycled from food processing as ecofeed
	 = Plant and animal residues at target year in Yamanashi  × N content (*1) × feeding rate at target year in Yamanashi 
	*1: Average value multiplied by nitrogen content for food items in the food manufacturing industry

	N15
	distributor
	foodconsumption
	N in food from distributor to foodconsumption
	 = Amount of food consumption at household per capita (407.34 kg*1) + Inedible parts of food (38.327 kg/capita*2) × N content (0.53%*3) × population at target year in Yamanashi
	*1: MAFF, Food Loss Statistics Survey, *2:Yamanashi Prefectural Department of Environment and Energy, Guidelines for Reduction of General Waste , *3: MHLW, National Health and Nutrition Examination Survey Results

	N16
	distributor
	N loss
	N loss from distributor as food waste
	 = Amount of raw garbage from distribution*1× N content (0.53%*2) × (1 - Composting rate at target year in Yamanashi) 
	*1: Yamanashi Prefectural Department of Environment and Energy, Guidelines for Reduction of General Waste ,*2: MHLW, National Health and Nutrition Examination Survey Results

	N17
	distributor
	resourserecovery
	N from distributor for composting as raw garbage
	 = Amount of raw garbage from distribution*1 × N content in raw garbage (0.53%*2)× Composting rate at target year in Yamanashi
	*1: Yamanashi Prefectural Department of Environment and Energy, Guidelines for Reduction of General Waste ,*2: MHLW, National Health and Nutrition Examination Survey Results

	N18
	foodservice
	foodconsumption
	N in food from foodservice to foodconsumption
	 = Total Nutritional Intake per capita (3.912 kg*1) × N content (0.53*1) × population at target year in Yamanashi - [N in food from distributor to foodconsumption(N19)]
	*1: MHLW, National Health and Nutrition Examination Survey Results

	N19
	foodservice
	N loss
	N loss from food service as food waste 
	 = Amount of raw garbage from food service*1× N content in raw garbage ((0.53%*2)
	*1: Yamanashi Prefectural Department of Environment and Energy, Guidelines for Reduction of General Waste ,*2: MHLW, National Health and Nutrition Examination Survey Results

	N20
	foodconsumption
	wastetreatment
	N in drainage from consumption
	 = [N from distributor and foodservice (N15 + N18]) – [N loss from consumption(N21)]
	

	N21
	foodconsumption
	N loss
	N loss from consumption: N in food waste (kitchen waste) and N discharge from incomplete household sewage system
	 = [(food waste at households (0.00149 t/capita*1) + Inedible parts of food (0.0383 t/capita*1)) × N content (0.53*2) × Population in Yamanashi at target year] +
[Amount of N consumed as food (N15 + N18) × incomplete rate of sewage system in Yamanashi at target year*3]
	*1: Yamanashi Prefectural Department of Environment and Energy, Guidelines for Reduction of General Waste, *2: MHLW, National Health and Nutrition Examination Survey Results, *3: Yamanashi Prefectural Land Development Department Sewerage Office,Sewage Treatment Population Penetration Rate, etc.

	N22
	wastetreatment
	resourserecovery
	N in sludge from wastewater management to composting
	 = [N from livestock and foodconsumption(N10+N20)] × Composting rate at target year in Yamanashi
	

	N23
	wastetreatment
	N loss
	N loss from wastetreatment: N released from drainage system and N2 gas by denitrification
	 = N from livestock and foodconsumption(N10+N20) - [N from livestock excreta for drainage treatment(N22)]
	

	N24
	resourserecovery
	cropfarming
	N in compost used for cropfarming
	 = recommended nitrogen application as organic fertilizer per unit area*1× harvested area for each crop category (crop production data in Yamanashi)
	*1: National crop farm and Food Research Organization (NARO) 2012 Database of fertilizer recommendations (www.naro.affrc.go.jp/collab/program/laboratory/ carc/039854.html) (Accessed 25 October 2023)

	N25
	resourserecovery
	export
	N in compost for exporting
	 = [N from livestock, food process, distributor, and waste treatment (N9 + N13 + N17 + N22)] × exporting rate (0.2*)
	*: assumption value from interview survey




Table S2 Number of each livestock (Yamanashi statistical yearbook of agriculture, forestry and fisheries)
	type of animal
	2000
	2005
	2011
	2015

	dairy cattle
	5643
	5410
	4140
	3700

	beef cattle
	5037
	7800
	7240
	5510

	pig
	20262
	25000
	22800
	15291

	egg-laying hens
	337000
	650000
	530000
	637000

	broiler
	1293000
	1876000
	2569000
	726000



Table S3 Coefficient of the livestock excretion volume unit (calculated by Ogino et al 2016)
	type of animal
	value (t-excreta/head)

	dairy cattle
	9.75

	beef cattle
	9.2

	pig
	3.76

	egg-laying hens
	0.036

	broiler
	0.048



Table S4 Nitrogen volatilization rate from animal excreta (value in Kanbara et al., 2008)
	type of animal
	%

	dairy cattle
	13.7

	beef cattle
	13.7

	pig
	24.2

	egg-laying hens
	51.5

	broiler
	51.5
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