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Fig. S1. Decadal variation in the national in-field straw-burning fractions of major crops in China. Bars show the crop-specific fractions adopted as temporal anchors for rice, wheat, and maize from the 1950s to the 2010s; numerical labels give the corresponding percentage values.
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Fig. S2. Comparison of provincial in-field straw-burning ratios reported in published studies. Bars show the province-level ratios reported by Peng et al.1, Tian et al.2, and Zhou et al.3. The y-axis is expressed as a percentage; a missing bar indicates that the corresponding study did not report a value for that province.
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Fig. S3. Comparison of the emission factors (EFs) adopted in the main inventory and the EPD-based sensitivity scenario for open biomass burning. From top to bottom, the panels show EFs for CO2, CO, OC, BC, and SO2 across forest, shrub, grassland, and in-field straw burning categories. Black circles represent the main estimates derived from independent combustion experiments, whereas orange squares represent the EPD-based sensitivity estimates. Gray error bars indicate the corresponding 5th–95th percentile uncertainty ranges derived from the literature-based emission factor distributions and used in the Monte Carlo uncertainty analysis.
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Fig. S4. Comparison of emission factors (EFs) used for domestic biomass burning with values from independent literature sources. Panels (a–e) show EFs for CO2, CO, OC, BC, and SO2, respectively. Black circles represent the means reported by individual literature sources. Orange squares and blue triangles denote the EPD-based EFs for traditional and advanced stoves, respectively, for CO, OC, and BC. For CO2 and SO2, green squares indicate the common EFs applied to both stove types. Gray error bars represent the corresponding 5th–95th percentile uncertainty ranges derived from the assumed 20% coefficient of variation and used to parameterize the Monte Carlo uncertainty analysis.
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Fig. S5. Province-specific monthly allocation profiles for biomass burning sources in China. Panels show (a) firewood burning, (b) domestic straw burning, (c) livestock-manure burning, and (d) in-field straw burning. Each stacked bar gives the percentage of the annual total allocated to each calendar month and sums to 100% for a province and source. 
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Fig. S6. Reconstructed provincial fractions of in-field straw burning in China during 1980–2024. The solid blue line represents the median estimate under the Base scenario, and the blue shading denotes its 5th–95th percentile uncertainty interval derived from Monte Carlo simulations. The gray shading indicates the overall plausible envelope, defined by the minimum 5th percentile and maximum 95th percentile across the Constant, Base, and Accelerated-decline scenarios. Squares, circles, and triangles show the temporally matched province-level constraints reported by Peng et al.1, Tian et al.2, and Zhou et al.3, respectively. The years shown after the cited studies indicate the years represented by the reported emission estimates, rather than the publication years of the studies. The vertical dashed line marks 2015; values after 2015 were extrapolated under the alternative post-2015 trajectory assumptions. 
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Fig. S7. Contributions of grouped input parameters to the uncertainty in national in-field straw-burning emissions during 1980–2024. Rows correspond to CO2, CO, BC, OC, and SO2, and columns represent burning-fraction reconstruction and calibration, straw-to-product ratio, dry-matter fraction, combustion efficiency, and emission factor. Cell values are the median annual normalized contributions over 1980–2024; contributions sum to 100% for each pollutant.
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Fig. S8. Province-specific reconstruction models selected for domestic straw-burning proportions. Black points represent available provincial observations, red points represent reconstructed or projected values for 2015–2024, and red dashed lines show the fitted response of the selected model. Province-level, regional-level, and national-level logit regression models are identified by blue, orange, and green equation boxes, respectively. Provinces assigned to the same regional or national equation are combined within a common panel and distinguished by different marker shapes. For models containing both rural income and rural population, the horizontal axis represents the linear predictor , excluding the intercept. Model annotations report the median cross-validation RMSE of the selected regression model, the corresponding RMSE of the province-specific historical-mean baseline, and the training R2 on the logit scale. Panels labeled as historical-mean baselines show the observed provincial time series, the constant mean estimate selected through cross-validation, and projected values for 2015–2024.
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Fig. S9. Province-level uncertainty in reconstructed domestic straw-burning proportions during 2015–2024. Points represent the mean annual domestic straw-burning proportion predicted for each province over 2015–2024. Horizontal error bars indicate the mean lower and upper bounds of the annual 5th–95th percentile predictive intervals, and numerical labels report the corresponding [P05, P95] range. Red circles denote provinces for which the selected logit regression model outperformed the historical-mean baseline in repeated cross-validation, whereas gray squares denote provinces for which the historical-mean baseline yielded a lower validation error and was retained.
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Fig. S10. Best-performing province-level, regional-level, and national-level models for provincial firewood consumption. Black symbols represent observations for 1991–2007, red symbols represent predictions for 2008–2024, and red dashed lines indicate the fitted relationships. Only models with training R2 ≥ 0.50 are shown; annotations report CV-NRMSE, CV-NMAE, and R2. Different symbols distinguish provinces sharing the same model. In panel (a), the x-axis is the national-model linear predictor; the equation box defines its combination of rural income and rural population.
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Fig. S11. Province-level uncertainty in reconstructed firewood consumption during 2008–2024. Points represent mean annual firewood consumption for each province over 2008–2024. Horizontal error bars indicate the mean lower and upper bounds of the annual 5th–95th percentile predictive intervals, and numerical labels report the corresponding [P05, P95] range. Red circles denote provinces for which the selected regression model outperformed the historical-mean baseline in repeated cross-validation, whereas gray squares denote provinces for which the historical-mean baseline yielded a lower validation error and was retained. Consumption is expressed in 1010 g.
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Fig. S12. Sensitivity of annual national emissions from domestic biomass combustion to stove-technology and emission-factor assumptions during 1980–2024. Rows represent firewood, domestic straw, and livestock-manure combustion, while columns represent CO, OC, and BC emissions. The baseline scenario represents the assumed historical transition from traditional to advanced stoves, whereas the Traditional-only and Advanced-only scenarios assume exclusive use of the corresponding stove type. Shaded areas show the range bounded by the two alternative scenarios. Deterministic estimates are shown to isolate scenario effects.
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Fig. S13. Sensitivity of annual national in-field straw-burning emissions to alternative reconstruction assumptions during 1980–2024. Differences in (a) CO2, (b) CO, (c) BC, (d) OC, and (e) SO2 emissions are expressed relative to the calibrated baseline. The scenarios examine the effects of removing province-level calibration, assuming a constant or accelerated-decline trajectory after 2015, and replacing the baseline EFs with EPD-based values. Positive (negative) values indicate emissions higher (lower) than the calibrated baseline. Gray shading denotes the post-2015 projection period (2016–2024).



	Type
	Corn4
	Rice4
	Wheat5
	Cotton5
	Potato6
	Peanut5
	Rapeseed5
	Sugar beet7
	Soybean6

	A
	1.269
	1.323
	1.340
	3.990
	0.500
	1.220
	1.500
	0.100
	1.360

	B
	1.269
	1.323
	1.230
	3.670
	0.500
	1.500
	1.500
	0.100
	1.360

	C
	1.269
	1.323
	0.930
	3.000
	0.500
	1.500
	1.500
	0.100
	See note

	D
	1.269
	1.323
	1.380
	3.320
	0.500
	1.500
	2.050
	0.100
	1.520

	E
	1.269
	1.323
	1.380
	3.000
	0.500
	1.650
	1.500
	0.100
	1.520

	F
	1.269
	1.323
	1.310
	3.000
	0.500
	1.500
	2.000
	0.100
	1.520


Note: The Type in the table is classified according to the consistency of province-level straw-to-grain ratios. Group A includes Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Shandong, and Henan; Group B includes Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang; Group C includes Liaoning, Jilin, and Heilongjiang; Group D includes Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, and Hunan; Group E includes Fujian, Guangdong, Guangxi, and Hainan; Group F includes Chongqing, Sichuan, Guizhou, Yunnan, and Xizang. Within Group C, the soybean straw-to-grain ratios for Jilin, Liaoning, and Heilongjiang are 1.500, 1.290, and 1.130, respectively.
Table S1 Straw-to-product ratios of different straw types by province.


	Straw type
	CE
	D

	Rice
	0.93
	0.93

	Corn
	0.92
	0.92

	Wheat
	0.92
	0.92

	Cotton
	0.91
	0.90

	Potato
	0.68
	0.68

	Peanut
	0.82
	0.82

	Rapeseed
	0.91
	0.90

	Sugar beet
	0.91
	0.90

	Soybean
	0.68
	0.68


Note: Values are compiled following Xing et al. 8, with original data sourced from He et al. 9.
Table S2 Combustion efficiencies (CE) and dry matter fractions (D) of different straw types.



	Province
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014

	Beijing
	20.610
	
	
	
	
	9.211
	9.212
	
	3.513

	Tianjin
	12.314
	
	
	35.111
	37.515
	30.516
	
	
	5.313

	Hebei
	22.517
	
	
	27.311
	
	
	
	
	

	Shanxi
	12.314
	
	
	39.311
	
	
	
	
	

	Liaoning
	46.618
	39.619
	
	36.312
	
	
	32.920
	
	

	Jilin
	46.614
	
	
	
	
	
	
	
	25.021

	Heilongjiang
	46.614
	50.022
	
	
	
	26.523
	42.824
	
	30.025

	Jiangsu
	49.726
	
	40.027
	34.528
	28.429
	22.030
	
	17.831
	22.627

	Zhejiang
	49.714
	
	
	32.611
	
	
	
	
	

	Anhui
	
	
	29.032
	28.611
	29.033
	
	20.434
	
	20.035

	Fujian
	49.714
	
	
	30.811
	
	
	
	
	

	Jiangxi
	
	
	
	36.711
	
	
	
	
	

	Shandong
	
	
	
	24.511
	16.536
	
	13.012
	10.537
	11.113

	Henan
	28.914
	30.038
	28.439
	22.711
	
	
	
	19.940
	

	Hubei
	28.914
	
	
	30.111
	
	28.341
	22.042
	
	

	Hunan
	28.914
	
	
	38.811
	
	
	
	
	20.943

	Guangdong
	28.914
	
	
	32.311
	
	
	
	7.844
	

	Guangxi
	28.914
	
	40.045
	29.811
	
	
	
	22.246
	

	Hainan
	28.914
	
	
	25.011
	
	
	
	
	

	Chongqing
	29.614
	
	40.547
	46.411
	49.248
	
	
	
	

	Sichuan
	
	53.649
	
	51.911
	
	
	
	29.050
	24.451

	Guizhou
	30.050
	
	
	46.411
	
	
	
	
	

	Yunnan
	30.014
	40.052
	
	47.811
	
	
	
	
	

	Xizang
	29.614
	
	
	39.011
	
	
	
	
	

	Shaanxi
	28.214
	27.049
	
	
	
	
	
	
	

	Gansu
	28.214
	
	
	35.611
	
	
	
	
	

	Qinghai
	28.214
	
	43.753
	39.011
	
	
	
	
	17.054

	Ningxia
	28.214
	
	
	20.411
	10.755
	
	
	
	14.055

	Xinjiang
	28.214
	
	
	21.211
	
	
	30.256
	
	


Note: Values represent literature-reported estimates of provincial domestic straw burning ratios. Data were compiled from Xing et al. 8 and references
[bookmark: _Hlk218613520]Table S3 Literature-based estimates of provincial domestic straw burning ratios (𝑅) in China.


	Province
	Geographical region
	Region code

	Beijing
	North China
	NC

	Tianjin
	North China
	NC

	Hebei
	North China
	NC

	Shanxi
	North China
	NC

	Inner Mongolia
	North China
	NC

	Liaoning
	Northeast China
	NE

	Jilin
	Northeast China
	NE

	Heilongjiang
	Northeast China
	NE

	Shanghai
	East China
	EC

	Jiangsu
	East China
	EC

	Zhejiang
	East China
	EC

	Anhui
	East China
	EC

	Fujian
	East China
	EC

	Jiangxi
	East China
	EC

	Shandong
	East China
	EC

	Henan
	Central China
	CC

	Hubei
	Central China
	CC

	Hunan
	Central China
	CC

	Guangdong
	South China
	SC

	Guangxi
	South China
	SC

	Hainan
	South China
	SC

	Chongqing
	Southwest China
	SW

	Sichuan
	Southwest China
	SW

	Guizhou
	Southwest China
	SW

	Yunnan
	Southwest China
	SW

	Xizang
	Southwest China
	SW

	Shaanxi
	Northwest China
	NW

	Gansu
	Northwest China
	NW

	Qinghai
	Northwest China
	NW

	Ningxia
	Northwest China
	NW

	Xinjiang
	Northwest China
	NW


Table S4 Geographical classification of Chinese provinces used in the regional models.



	Category
	Reference
	CO2
	CO
	OC
	BC
	SO2

	Forest
	Akagi et al. 63
	1568.33±87.83
	108.50±36.67
	4.71±2.73
	0.52±0.28
	0.40±0.19

	
	Andreae et al. 64
	1574.50±110.50
	105.50±28.50
	7.18±1.03
	0.61±0.25
	0.79±0.12

	
	Burling et al. 65
	1668.00±72.00
	72.00±26.00
	--
	--
	--

	
	Jin et al. 66
	1392.54±248.53
	249.56±40.39
	4.57±3.00
	0.72±0.42
	--

	
	Prichard et al. 67
	1613.27±154.57
	90.64±31.71
	--
	--
	0.85±0.28

	Shrub
	Akagi et al. 63
	1710.00±39.00
	67.00±13.00
	3.70±0.00
	0.50±0.20
	0.68±0.13

	
	Jin et al. 66
	1487.80±18.05
	205.71±5.40
	1.40±0.04
	0.25±0.08
	--

	
	Prichard et al. 67
	1707.96±192.21
	73.50±17.00
	--
	--
	0.74±0.60

	Grassland
	Akagi et al. 63
	1686.00±38.00
	63.00±17.00
	2.62±1.24
	0.37±0.20
	0.48±0.27

	
	Andreae et al. 64
	1613.00±95.00
	65.00±20.00
	3.40±1.40
	0.48±0.18
	0.25±0.16

	
	Jin et al. 66
	1465.84±60.45
	221.24±18.06
	2.25±0.31
	0.60±0.29
	--

	
	Prichard et al. 67
	1685.82±81.19
	68.17±27.16
	--
	--
	0.83±0.34

	Rice
	Cao et al. 58
	--
	67.98±25.58
	2.01±0.67
	0.49±0.21
	0.18±0.31

	
	Wei et al. 68
	1248.80±8.70
	70.30±2.30
	--
	--
	--

	
	Tang et al. 57
	--
	27.70±1.00
	0.75±0.18
	0.11±0.03
	--

	
	Ni et al. 69
	1393.00±91.00
	57.20±26.00
	6.30±3.60
	0.21±0.13
	--

	
	EPD 60
	--
	28.00
	3.23
	0.75
	0.53

	Wheat
	Cao et al. 58
	--
	57.78±24.75
	3.46±2.05
	0.42±0.23
	0.04±0.04

	
	Wei et al. 68
	1454.20±12.00
	51.60±3.10
	--
	--
	--

	
	Zhang et al. 10
	1557.90±85.80
	141.20±14.80
	--
	--
	--

	
	Tang et al. 57
	--
	20.60±3.60
	0.97±0.23
	0.12±0.02
	--

	
	Li et al. 70
	1470.00±46.00
	60.00±23.00
	2.70±1.00
	0.49±0.12
	0.85±0.57

	
	Ni et al. 69
	1311.00±181.00
	47.90±13.50
	5.10±3.00
	0.21±0.12
	--

	
	EPD 60
	--
	60.00
	4.32
	1.01
	0.85

	Corn
	Cao et al. 58
	--
	67.64±13.01
	2.25±0.74
	0.95±1.08
	0.04±0.04

	
	Zhang et al. 10
	1261.50±59.90
	114.70±12.40
	--
	--
	--

	
	Li et al. 70
	1350.00±16.00
	53.00±4.00
	3.90±1.70
	0.35±0.10
	0.44±0.20

	
	Ni et al. 69
	1365.00±147.00
	52.10±17.70
	6.30±3.60
	0.28±0.09
	--

	
	EPD 60
	--
	53.00
	6.68
	1.55
	0.44

	Cotton
	Zhou et al. 3
	1410.00
	66.10
	3.30
	0.42
	0.53

	
	EPD 60
	--
	76.00
	4.90
	0.42
	0.80

	Potato
	Zhou et al. 3
	1410.00
	66.10
	3.30
	0.42
	0.53

	
	Li et al. 71
	1445.00±46.00
	55.13±15.10
	2.03±1.05
	0.41±0.18
	0.25±0.02

	
	EPD 60
	--
	76.00
	4.90
	0.42
	0.80

	Peanut
	Zhou et al. 3
	1410.00
	66.10
	3.30
	0.42
	0.53

	
	Li et al. 71
	1445.00±46.00
	--
	--
	--
	0.25±0.02

	
	EPD 60
	--
	76.00
	4.90
	0.42
	0.80

	Sugar beet
	Zhou et al. 3
	1410.00
	66.10
	3.30
	0.42
	0.53

	
	Li et al. 71
	1445.00±46.00
	55.13±15.10
	2.03±1.05
	0.41±0.18
	0.25±0.02

	
	EPD 60
	--
	76.00
	4.90
	0.42
	0.80

	Rapeseed
	Li et al. 71
	1445.00±46.00
	34.30±1.69
	1.08±0.50
	0.23±0.09
	0.25±0.02

	
	Tang et al. 57
	--
	34.30±0.20
	1.08
	0.23±0.09
	--

	
	EPD 60
	--
	76.00
	4.90
	0.42
	0.80

	Soybean
	Li et al. 71
	1445.00±46.00
	32.30±1.10
	1.84±1.50
	0.23±0.10
	0.25±0.02

	
	Tang et al. 57
	--
	32.30
	1.05
	0.13
	0.53

	
	EPD 60
	--
	76.00
	4.90
	0.42
	0.80

	
	Tian et al. 2
	1445.76
	--
	--
	--
	--


Table S7 Emission factors for open biomass burning compiled from the literature (g kg⁻¹)
	Category
	Reference
	CO2
	CO
	OC
	BC
	SO2

	[bookmark: _Hlk216878722]Rice
	Tang et al. 57
	--
	82.00±2.40
	3.35±0.57
	0.91±0.28
	--

	
	Cao et al. 58
	1674.12±452.26
	67.98±25.58
	2.01±0.67
	0.49±0.21
	0.18±0.31

	
	Shen et al. 59
	1140.00±2.00
	215.00±0.20
	1.50±0.16
	0.75±0.43
	--

	
	EPD_a60
	--
	68.00
	3.65
	1.85
	0.48

	
	EPD_b60
	--
	43.00
	2.45
	1.24
	0.48

	Wheat
	Cao et al. 58
	1377.72±431.12
	57.78±24.75
	3.46±2.05
	0.42±0.23
	0.04±0.04

	
	Shen et al. 59
	1370.00±9.00
	126.00±5.00
	2.27±1.30
	2.64±1.01
	--

	
	EPD_a60
	--
	172.00
	4.70
	1.10
	2.36

	
	EPD_b60
	--
	108.00
	3.15
	0.74
	2.36

	Corn
	EPD_a60
	--
	57.00
	3.92
	0.92
	1.33

	
	EPD_b60
	--
	36.00
	2.63
	0.62
	1.33

	
	Cao et al. 58
	2327.14±709.57
	67.64±13.01
	2.25±0.74
	0.95±1.08
	0.04±0.04

	
	Shen et al. 59
	1490.00±25.00
	104.00±19.00
	1.36±0.29
	1.11±0.08
	--

	Cotton
	Cao et al. 58
	1345.42±108.02
	105.82±6.02
	1.83±0.54
	0.82±0.20
	--

	
	Shen et al. 59
	1520.00±6.00
	78.70±1.20
	0.35±0.04
	1.34±0.58
	--

	
	EPD_a60
	--
	95.20
	4.72
	1.30
	1.36

	
	EPD_b60
	--
	59.80
	3.16
	0.88
	1.36

	Potato
	EPD_a60
	--
	95.20
	4.72
	1.30
	1.36

	
	EPD_b60
	--
	59.80
	3.16
	0.88
	1.36

	
	Tian et al. 2
	1437.97
	--
	--
	--
	--

	Peanut
	EPD_a60
	--
	95.20
	4.72
	1.30
	1.36

	
	EPD_b60
	--
	59.80
	3.16
	0.88
	1.36

	
	Tian et al. 2
	1437.97
	--
	--
	--
	--

	Sugar beet
	EPD_a60
	--
	95.20
	4.72
	1.30
	1.36

	
	EPD_b60
	--
	59.80
	3.16
	0.88
	1.36

	
	Tian et al. 2
	1437.97
	--
	--
	--
	--

	Rapeseed
	Tang et al. 57
	--
	133.50±45.00
	1.63±0.72
	1.35±0.06
	--

	
	Shen et al. 59
	1330.00±16.00
	154.00±23.00
	1.75±0.63
	2.34±0.92
	--

	
	EPD_a60
	--
	134.00
	7.29
	1.70
	1.36

	
	EPD_b60
	--
	84.00
	4.88
	1.14
	1.36

	Soybean
	Tang et al. 57
	--
	80.70±23.60
	2.12±1.04
	1.35±0.06
	--

	
	Shen et al. 59
	1380.00±13.00
	72.30±0.50
	1.17±0.18
	1.37±0.04
	--

	
	EPD_a60
	--
	95.20
	4.72
	1.30
	1.36

	
	EPD_b60
	--
	59.80
	3.16
	0.88
	1.36

	
	Tian et al. 2
	1437.97
	--
	--
	--
	--

	Firewood
	Tang et al. 57
	--
	31.40
	1.29
	1.50
	--

	
	Roden et al. 61
	--
	--
	4.00±0.90
	1.50±0.30
	--

	
	Shen et al. 59
	--
	--
	0.62±0.64
	0.83±0.69
	--

	
	Li et al.62
	--
	--
	1.13±0.40
	1.49±0.69
	--

	
	Tian et al. 2
	1587.24
	75.93
	--
	0.70
	0.32

	
	EPD_a 60
	--
	29.00
	2.59
	0.53
	0.40

	
	EPD_b 60
	--
	18.00
	1.74
	0.36
	0.40

	Livestock manure
	EPD_a 60
	--
	20.00
	4.69
	1.10
	0.28

	
	EPD_b 60
	--
	12.00
	3.14
	0.74
	0.28

	
	Tian et al. 2
	1060.00
	53.50
	--
	0.53
	--


Note: EPD_a refers to emission factors associated with traditional stove technologies, while EPD_b refers to those associated with advanced stove technologies.
Table S8 Emission factors for domestic fuel combustion compiled from the literature (g kg⁻¹)
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Province-level uncertainty in domestic straw-burning proportions (2015-2024)
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