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[bookmark: OLE_LINK1]Supplementary Table 1 | Vehicle-specific fuel consumption, baseline CO2 emission factors, and speed-calibration parameters used in this study
	Vehicle category
	Fuel consumption (L/100 km)
	Fuel type
	Baseline CO2 factor (kg/km)
	Data type

	Passenger car
	6.18
	Gasoline
	0.1468
	Category mean

	SUV
	7.44
	Gasoline
	0.1767
	Category mean

	MPV
	7.06
	Gasoline
	0.1677
	Category mean

	Pickup truck
	7.6
	Gasoline/Diesel
	0.1805/0.1980
	Representative

	Freight truck
	25.9
	Diesel
	0.6746
	Representative

	Engineering vehicle
	38
	Diesel
	0.9898
	Representative

	Passenger bus
	10.1
	Diesel
	0.2631
	Reference

	Special-purpose vehicle
	38
	Diesel
	0.9898
	Proxy


Table note: Fuel-consumption values for passenger cars, SUVs, and MPVs are based on publicly reported production-weighted category averages. Values for pickup trucks and commercial-vehicle-related categories are from publicly available technical studies, and they should be regarded as provisional parameters pending further refinement using official vehicle-level records from the MIIT and Ministry of Transport platforms. Baseline CO2 factors were converted from fuel consumption using 23.747 g CO2 km−1 per (L/100 km) for gasoline and 26.047 g CO2 km−1 per (L/100 km) for diesel.


Supplementary Table 2 | Functional classification, route numbers, termini, and lengths of the national expressways included in this study
	Category
	Route Numeber
	Termini / Name
	Length/km

	Capital Radial Expressways
	G1
	Beijing–Harbin
	1209

	Capital Radial Expressways
	G2
	Beijing–Shanghai
	1222

	Capital Radial Expressways
	G3
	Beijing–Taipei
	2100.7

	Capital Radial Expressways
	G4
	Beijing–Hong Kong–Macao
	2282.6

	Capital Radial Expressways
	G5
	Beijing–Kunming
	2716

	Capital Radial Expressways
	G6
	Beijing–Lhasa
	3850

	Capital Radial Expressways
	G7
	Beijing–Urumqi
	2856

	North–South Corridors
	G11
	Hegang–Dalian
	1440

	North–South Corridors
	G15
	Shenyang–Haikou
	3632

	North–South Corridors
	G25
	Changchun–Shenzhen
	3662.218

	North–South Corridors
	G35
	Jinan–Guangzhou
	1986

	North–South Corridors
	G45
	Daqing–Guangzhou
	3421

	North–South Corridors
	G55
	Erenhot–Guangzhou
	2746

	North–South Corridors
	G59
	Hohhot–Beihai
	2741

	North–South Corridors
	G65
	Baotou–Maoming
	3005

	North–South Corridors
	G69
	Yinchuan–Baise
	2284

	North–South Corridors
	G75
	Lanzhou–Haikou
	2441

	North–South Corridors
	G85
	Yinchuan–Kunming
	2322

	East–West Corridors
	G10
	Suifenhe–Manzhouli
	1520

	East–West Corridors
	G12
	Hunchun–Ulanhot
	931.5

	East–West Corridors
	G16
	Dandong–Xilinhot
	942

	East–West Corridors
	G18
	Rongcheng–Wuhai
	1771

	East–West Corridors
	G20
	Qingdao–Yinchuan
	1510

	East–West Corridors
	G22
	Qingdao–Lanzhou
	1795

	East–West Corridors
	G30
	Lianyungang–Khorgos
	4242

	East–West Corridors
	G36
	Nanjing–Luoyang
	761

	East–West Corridors
	G40
	Shanghai–Xi'an
	1526

	East–West Corridors
	G42
	Shanghai–Chengdu
	1960

	East–West Corridors
	G50
	Shanghai–Chongqing
	1775

	East–West Corridors
	G56
	Hangzhou–Ruili
	2935

	East–West Corridors
	G60
	Shanghai–Kunming
	2407

	East–West Corridors
	G70
	Fuzhou–Yinchuan
	2419

	East–West Corridors
	G72
	Quanzhou–Nanning
	1635

	East–West Corridors
	G76
	Xiamen–Chengdu
	2192.2

	East–West Corridors
	G78
	Shantou–Kunming
	1882

	East–West Corridors
	G80
	Guangzhou–Kunming
	1511

	Regional Ring Expressways
	G91
	Central Liaoning Regional Ring Expressway
	400

	Regional Ring Expressways
	G92
	Hangzhou Bay Regional Ring Expressway
	425

	Regional Ring Expressways
	G93
	Chengdu–Chongqing Regional Ring Expressway
	470

	Regional Ring Expressways
	G94
	Pearl River Delta Regional Ring Expressway
	296

	Regional Ring Expressways
	G95
	Capital Region Ring Expressway
	940

	Regional Ring Expressways
	G98
	Hainan Regional Ring Expressway
	612.8

	Metropolitan Area Ring Expressways
	G9901
	Harbin Metropolitan Area Ring Expressway
	190

	Metropolitan Area Ring Expressways
	G9902
	Changchun Metropolitan Area Ring Expressway
	170

	Metropolitan Area Ring Expressways
	G9903
	Hangzhou Metropolitan Area Ring Expressway
	240

	Metropolitan Area Ring Expressways
	G9904
	Nanjing Metropolitan Area Ring Expressway
	195

	Metropolitan Area Ring Expressways
	G9905
	Zhengzhou Metropolitan Area Ring Expressway
	172

	Metropolitan Area Ring Expressways
	G9906
	Wuhan Metropolitan Area Ring Expressway
	258

	Metropolitan Area Ring Expressways
	G9907
	Changsha–Zhuzhou–Xiangtan Metropolitan Area Ring Expressway
	161

	Metropolitan Area Ring Expressways
	G9908
	Xi'an Metropolitan Area Ring Expressway
	183

	Metropolitan Area Ring Expressways
	G9909
	Chongqing Metropolitan Area Ring Expressway
	189

	Metropolitan Area Ring Expressways
	G9910
	Chengdu Metropolitan Area Ring Expressway
	180

	Metropolitan Area Ring Expressways
	G9911
	Jinan Metropolitan Area Ring Expressway
	170

	Metropolitan Area Ring Expressways
	G9912
	Hefei Metropolitan Area Ring Expressway
	163

	Urban Ring Expressways
	G0401
	Changsha Ring Expressway
	104

	Urban Ring Expressways
	G0601
	Xining Ring Expressway
	110.68

	Urban Ring Expressways
	G1001
	Harbin Ring Expressway
	100

	Urban Ring Expressways
	G1501
	Shenyang Ring Expressway
	82.051

	Urban Ring Expressways
	G1503
	Shanghai Ring Expressway
	209.22

	Urban Ring Expressways
	G1504
	Ningbo Ring Expressway
	85.63

	Urban Ring Expressways
	G1505
	Fuzhou Ring Expressway
	160

	Urban Ring Expressways
	G1508
	Guangzhou Ring Expressway
	195.064

	Urban Ring Expressways
	G2001
	Jinan Ring Expressway
	120

	Urban Ring Expressways
	G2002
	Shijiazhuang Ring Expressway
	137.9

	Urban Ring Expressways
	G2003
	Taiyuan Ring Expressway
	83

	Urban Ring Expressways
	G2004
	Yinchuan Ring Expressway
	78.81

	Urban Ring Expressways
	G2201
	Lanzhou Ring Expressway
	58.743

	Urban Ring Expressways
	G2501
	Changchun Ring Expressway
	88

	Urban Ring Expressways
	G2502
	Tianjin Ring Expressway
	254

	Urban Ring Expressways
	G2503
	Nanjing Ring Expressway
	166

	Urban Ring Expressways
	G2504
	Hangzhou Ring Expressway
	123

	Urban Ring Expressways
	G3001
	Zhengzhou Ring Expressway
	106

	Urban Ring Expressways
	G3002
	Xi'an Ring Expressway
	80.35

	Urban Ring Expressways
	G3003
	Urumqi Ring Expressway
	171.679

	Urban Ring Expressways
	G4001
	Hefei Ring Expressway
	105

	Urban Ring Expressways
	G4201
	Wuhan Ring Expressway
	188

	Urban Ring Expressways
	G4202
	Chengdu Ring Expressway
	85

	Urban Ring Expressways
	G4501
	Beijing Ring Expressway
	187.6

	Urban Ring Expressways
	G5001
	Chongqing Ring Expressway
	187.96

	Urban Ring Expressways
	G5601
	Kunming Ring Expressway
	223.83

	Urban Ring Expressways
	G5901
	Hohhot Ring Expressway
	104

	Urban Ring Expressways
	G6001
	Nanchang Ring Expressway
	148.6

	Urban Ring Expressways
	G6002
	Guiyang Ring Expressway
	100

	Urban Ring Expressways
	G7201
	Nanning Ring Expressway
	82






