Table S1. Data provenance and key parameters used in the regional NBF.
	Parameter / input
	Category
	Baseline value
	Unit
	Rationale / analytical role

	Harvested area; target yield
	Lowland rice
	165,000; 6.18
	ha; Mg ha⁻¹
	Defines the benchmark production basis and target yield used to calculate CND.

	
	Maize
	60,000; 7.00
	
	

	
	Sugarcane
	14,000; 75.00
	
	

	
	Cassava
	6,000; 23.00
	
	

	
	Tobacco
	10,500; 1.60
	
	

	
	Red chili
	3,000; 12.00
	
	

	Livestock population
	Beef cattle
	285,000
	head
	Sets the benchmark livestock population basis for annual manure production.

	
	Dairy cattle
	2,500
	
	

	
	Goats
	125,000
	
	

	
	Sheep
	85,000
	
	

	
	Native chickens
	1,650,000
	birds
	

	
	Broiler chickens
	5,200,000
	
	

	
	Laying hens
	520,000
	head
	

	
	Ducks
	180,000
	birds
	

	Nutrient requirement/removal coefficient (NRc,j)
	Lowland rice
	N 20.0; P 3.5; K 15.0
	kg nutrient Mg⁻¹ harvested product
	Converts crop production into annual elemental N, P, and K demand.

	
	Maize
	N 22.0; P 4.0; K 18.0
	
	

	
	Sugarcane
	N 1.4; P 0.3; K 2.0
	
	

	
	Cassava
	N 4.0; P 0.7; K 5.2
	
	

	
	Tobacco
	N 40.0; P 5.0; K 45.0
	
	

	
	Red chili
	N 4.0; P 0.7; K 5.0
	
	

	Manure excretion (ER), dry matter fraction (DM), collection efficiency (CE), nutrient concentration (NCi,j)
	Beef cattle
	ER 15.00; DM 0.18; CE 0.60; N 0.018; P 0.0045; K 0.012
	ER: kg head⁻¹ d⁻¹; DM/CE: fraction; NC: kg nutrient kg⁻¹ DM
	Converts livestock population into collectable dry manure and total manure nutrient mass.

	
	Dairy cattle
	ER 25.00; DM 0.16; CE 0.75; N 0.020; P 0.0050; K 0.014
	
	

	
	Goats
	ER 1.20; DM 0.30; CE 0.55; N 0.022; P 0.0060; K 0.016
	
	

	
	Sheep
	ER 1.00; DM 0.30; CE 0.55; N 0.022; P 0.0060; K 0.016
	
	

	
	Native chickens
	ER 0.08; DM 0.30; CE 0.25; N 0.030; P 0.0120; K 0.015
	
	

	
	Broiler chickens
	ER 0.10; DM 0.25; CE 0.60; N 0.035; P 0.0140; K 0.018
	
	

	
	Laying hens
	ER 0.10; DM 0.25; CE 0.65; N 0.038; P 0.0150; K 0.018
	
	

	
	Ducks
	ER 0.12; DM 0.25; CE 0.35; N 0.030; P 0.0120; K 0.015
	
	

	Nutrient retention factor (RFi,j)
	Ruminants (beef, dairy, goats, sheep)
	N 0.6500; P 0.6750; K 0.7556
	fraction
	Accounts for nutrient retained after storage/handling before field application.

	
	Poultry (native, broiler, layers, ducks)
	N 0.7500; P 0.7875; K 0.8028
	
	

	Plant-availability factor (AFi,j)
	Ruminants (beef, dairy, goats, sheep)
	N 0.30; P 0.80; K 0.90
	
	Converts retained manure nutrients into the fraction credited against crop demand during the modeled crop period.

	
	Poultry (native, broiler, layers, ducks)
	N 0.45; P 0.80; K 0.90
	
	

	Fertilizer nutrient content
	Urea
	0.46 N
	kg N kg⁻¹ fertilizer
	Converts residual nutrient requirement to Urea product equivalent.

	
	SP-36
	0.1571 P (36% P₂O₅ × 0.4364)
	
	Converts residual nutrient requirement to SP-36 product equivalent.

	
	KCl
	0.4981 K (60% K₂O × 0.8301)
	
	Converts residual nutrient requirement to KCl product equivalent.

	Effective MNS multiplier
	S1: current collectable LM
	1.00 × baseline MNS
	dimensionless
	Represents current collectable manure credited against RIFR.

	
	S2: improved collection
	1.25 × baseline MNS
	
	Operationalizes a 25% increase in effective manure recovery while IF is adjusted to RIFR.

	
	S3: improved handling/retention
	1.45 × baseline MNS
	
	Represents a 45% increase in effective MNS through improved handling and nutrient retention.

	
	S4: enhanced redistribution
	1.55 × baseline MNS
	
	Represents a 55% increase in effective MNS through enhanced allocation toward crop demand; this is a scenario, not a formal optimization solution.

	One-at-a-time sensitivity range
	Crop nutrient requirement coefficient
	±15%
	relative change from baseline
	Tests the influence of parameter uncertainty while all other inputs are held constant.

	
	Target crop yield
	±10%
	
	

	
	Livestock population
	±10%
	
	

	
	Manure excretion rate
	±20%
	
	

	
	Dry matter fraction
	±15%
	
	

	
	Manure collection efficiency
	±25%
	
	

	
	Manure nutrient concentration
	±20%
	
	

	
	Nutrient retention factor
	±15%
	
	

	
	Plant-availability factor
	±25%
	
	

	
	Manure redistribution efficiency
	±20%
	
	


Notes: NBF = nutrient budget framework; CND = crop nutrient demand; LM = livestock manure; MNS = manure-derived nutrient supply; RIFR = residual inorganic fertilizer requirement; ER = manure excretion rate; DM = dry matter fraction; CE = collection efficiency; NC = nutrient concentration; RF = nutrient retention factor; AF = plant-availability factor. Crop and livestock activity values are benchmark planning inputs retained to reproduce the manuscript calculations and should not be interpreted as direct transcriptions of each official 2024 BPS table. They were used for comparative regional scenario analysis and require local recalibration before operational implementation. Literature-derived coefficients are benchmark model inputs; the sensitivity analysis explicitly evaluates uncertainty in the principal coefficients.
Source key: BPS-Statistics Jember Regency (2025), Jember Regency in Figures 2025, Catalogue No. 1102001.3509, Publication No. 35090.25001; ASAE D384.2 MAR2005 (R2024), Manure Production and Characteristics; IPCC (2019), 2019 Refinement to the 2006 IPCC Guidelines, Vol. 4, Ch. 10; USDA-NRCS agricultural waste/manure characteristics guidance; FAO crop nutrient-removal and nutrient-management publications; University of Minnesota Extension, Manure Characteristics (reviewed 2021); Iowa State University Extension (2016), revised beef/dairy manure nutrient availability ranges; SNI 2801:2010 (urea), SNI 3769:2005 (SP-36), and SNI 2805:2005 confirmed 2020 (KCl).
