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Entropy Method Steps：
Step 1: Data standardisation. This step standardises the indicators to be synthesised across 30 provinces in China using the following formula.
             (1)
Here,  is the standardized value of the nth metric for the mth bank,  is the minimum value of the nth metric for the mth bank, and  is the maximum value of the nth metric for the mth bank.
Step 2: Sum the standardised values of each input and output indicator.
                   (2)
Here,  denotes the sum of the standardized values of the nth indicator for m banks.
Step 3: Calculate the entropy value () for the nth metric.
   (3)
Step 4: Calculate the weight () of the nth indicator.
                                  (4)
Based on the above steps, calculate the weights and output values of the input and output indicators to be synthesised.


Table A1. Decriptive statistics
	Variables
	Mean
	Min
	Max
	C.V.

	Stage AI-Input1▲
	30681 
	624.50 
	240203
	1.32 

	Stage AI-Input2▲
	961980 
	23811
	10690000 
	1.75 

	External Expenditure on Research and Experimental Development (R&D) (10⁴ CNY) 
	703291
	19108
	5855000
	1.48 

	Stage AI-Output1▲
	11288
	597.60 
	61127
	0.82 

	Stage AI-Output2▲
	7422
	185.80 
	61601
	1.32 

	Stage AI-Output3▲
	7551000
	24507
	75060000
	1.86 

	Stage SC-Input1▲
	443604
	54811
	1204000
	0.60 

	Science and Technology Expenditure (10⁴ CNY)
	2095000
	94513
	11690000
	1.10 

	Education Expenditure (10⁴ CNY)
	11650000
	1705000
	40040000
	0.63 

	General Public Services Expenditure (10⁴ CNY)
	6060000
	902343
	18900000
	0.61 

	Environmental Protection Expenditure (10⁴ CNY)
	1916000
	290568
	7474000
	0.57 

	Transportation Expenditure (10⁴CNY)
	3473000
	663397
	7927000
	0.44 

	Stage SC-Output1▲
	2474
	246
	10205
	0.69 

	Stage SC-Output2▲
	58638
	913.90 
	407911
	1.38 

	Stage SC-Output3▲
	20.33 
	9.88 
	35.90 
	0.21 

	Stage SC-Output4▲
	37.73 
	22.02 
	50.54 
	0.17 

	Stage SC-Output5▲
	32860000
	3978000
	104500000
	0.70 

	Stage SC-Output6▲
	79643
	13797
	172979
	0.51 

	Total Fixed Assets (10⁸ CNY)
	24900
	2671
	68104
	0.71 


Notes:  ▲ stands for index synthesized by entropy method.




Table A2
 Overall efficiency and stage efficiency.
	Cluster
	DMU
	2018
	2019
	2020
	2021
	2022
	2023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Eastern
	Beijing
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Tianjin
	0.91 
	0.81 
	1.00 
	0.87 
	0.74 
	1.00 
	0.83 
	0.67 
	1.00 
	0.90 
	0.80 
	1.00 
	0.79 
	0.58 
	1.00 
	0.76 
	0.52 
	1.00 

	
	Hebei
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Shanghai
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.70 
	0.40 
	1.00 
	0.69 
	0.38 
	1.00 
	0.66 
	0.33 
	1.00 

	
	Jiangsu
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Zhejiang
	0.75 
	0.49 
	1.00 
	0.79 
	0.58 
	1.00 
	0.81 
	0.62 
	1.00 
	0.85 
	0.70 
	1.00 
	0.81 
	0.63 
	1.00 
	0.80 
	0.59 
	1.00 

	
	Fujian
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.83 
	0.67 
	1.00 
	0.80 
	0.60 
	1.00 

	
	Shandong
	0.75 
	0.50 
	1.00 
	0.79 
	0.57 
	1.00 
	0.73 
	0.46 
	1.00 
	0.79 
	0.57 
	1.00 
	0.80 
	0.59 
	1.00 
	0.86 
	0.71 
	1.00 

	
	Guangdong
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Hainan
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Central
	Shanxi
	1.00 
	1.00 
	1.00 
	0.96 
	0.92 
	1.00 
	0.83 
	0.66 
	1.00 
	0.87 
	0.73 
	1.00 
	0.84 
	0.69 
	1.00 
	0.83 
	0.66 
	1.00 

	
	Anhui
	0.78 
	0.57 
	1.00 
	0.84 
	0.69 
	1.00 
	0.82 
	0.65 
	1.00 
	0.86 
	0.71 
	1.00 
	0.74 
	0.47 
	1.00 
	0.78 
	0.56 
	1.00 

	
	Jiangxi
	0.70 
	0.75 
	0.65 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Henan
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Hubei
	0.56 
	0.52 
	0.61 
	0.79 
	0.57 
	1.00 
	0.50 
	0.48 
	0.52 
	0.64 
	0.52 
	0.76 
	0.69 
	0.38 
	1.00 
	0.63 
	0.44 
	0.82 

	
	Hunan
	0.52 
	0.45 
	0.59 
	0.54 
	0.54 
	0.54 
	0.51 
	0.56 
	0.46 
	0.56 
	0.61 
	0.51 
	0.44 
	0.48 
	0.40 
	0.55 
	0.55 
	0.54 

	Western
	Neimenggu
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Guangxi
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Chongqing
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.93 
	0.87 
	1.00 
	0.85 
	0.69 
	1.00 

	
	Sichuan
	0.56 
	0.61 
	0.51 
	0.83 
	0.67 
	1.00 
	0.75 
	0.51 
	1.00 
	0.83 
	0.67 
	1.00 
	0.41 
	0.49 
	0.34 
	0.38 
	0.41 
	0.36 

	
	Guizhou
	0.93 
	0.87 
	1.00 
	0.74 
	0.48 
	1.00 
	0.70 
	0.39 
	1.00 
	0.66 
	0.79 
	0.54 
	0.58 
	0.62 
	0.54 
	0.56 
	0.57 
	0.54 

	
	Yunnan
	0.82 
	0.64 
	1.00 
	0.71 
	0.42 
	1.00 
	0.81 
	0.63 
	1.00 
	0.72 
	0.44 
	1.00 
	0.72 
	0.44 
	1.00 
	0.74 
	0.49 
	1.00 

	
	Xizang
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Shaanxi
	0.81 
	0.63 
	1.00 
	0.73 
	0.45 
	1.00 
	0.68 
	0.36 
	1.00 
	0.74 
	0.49 
	1.00 
	0.71 
	0.42 
	1.00 
	0.71 
	0.42 
	1.00 

	
	Gansu
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.79 
	0.77 
	0.81 
	0.79 
	0.58 
	1.00 

	
	Qinghai
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	
	Ningxia
	0.97 
	0.94 
	1.00 
	0.94 
	0.87 
	1.00 
	0.90 
	0.80 
	1.00 
	0.89 
	0.79 
	1.00 
	1.00 
	1.00 
	1.00 
	0.90 
	0.81 
	1.00 

	Northeast
	Liaoning
	0.92 
	0.83 
	1.00 
	1.00 
	1.00 
	1.00 
	0.66 
	0.32 
	1.00 
	0.68 
	0.35 
	1.00 
	0.66 
	0.32 
	1.00 
	0.60 
	0.20 
	1.00 

	
	Jilin
	0.77 
	0.54 
	1.00 
	0.72 
	0.45 
	1.00 
	0.65 
	0.29 
	1.00 
	0.66 
	0.31 
	1.00 
	0.65 
	0.30 
	1.00 
	0.65 
	0.30 
	1.00 

	
	Heilongjiang
	1.00 
	1.00 
	1.00 
	0.75 
	0.50 
	1.00 
	0.71 
	0.42 
	1.00 
	0.83 
	0.66 
	1.00 
	0.85 
	0.71 
	1.00 
	1.00 
	1.00 
	1.00 


Notes:   ,  and  respectively represent the efficiency of the smart city system and its subsystems in the period t.
















Table A3
Efficiency of key indicators.
	DMU
	2018
	2019
	2020
	2021
	2022
	2023

	
	Id1
	Id12
	Id13
	Id1
	Id12
	Id13
	Id1
	Id12
	Id13
	Id1
	Id12
	Id13
	Id1
	Id12
	Id13
	Id1
	Id12
	Id13

	Beijing
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Tianjin
	0.96 
	0.68 
	0.79 
	0.93 
	0.63 
	0.66 
	0.78 
	0.72 
	0.51 
	0.98 
	0.85 
	0.59 
	0.71 
	0.68 
	0.37 
	0.62 
	0.64 
	0.31 

	Hebei
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Shanxi
	1.00 
	1.00 
	1.00 
	0.99 
	0.83 
	0.93 
	0.93 
	0.45 
	0.62 
	0.69 
	0.50 
	1.00 
	0.93 
	0.50 
	0.63 
	0.77 
	0.57 
	0.63 

	Neimenggu
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Liaoning
	0.91 
	0.74 
	0.85 
	1.00 
	1.00 
	1.00 
	0.49 
	0.26 
	0.20 
	0.49 
	0.31 
	0.26 
	0.43 
	0.26 
	0.25 
	0.26 
	0.20 
	0.14 

	Jilin
	0.72 
	0.43 
	0.47 
	0.63 
	0.48 
	0.23 
	0.40 
	0.34 
	0.14 
	0.38 
	0.32 
	0.23 
	0.39 
	0.35 
	0.16 
	0.37 
	0.35 
	0.16 

	Heilongjiang
	1.00 
	1.00 
	1.00 
	0.53 
	0.59 
	0.39 
	0.40 
	0.52 
	0.34 
	0.58 
	0.61 
	0.79 
	0.69 
	0.54 
	0.89 
	1.00 
	1.00 
	1.00 

	Shanghai
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.42 
	0.47 
	0.31 
	0.44 
	0.48 
	0.21 
	0.34 
	0.44 
	0.20 

	Jiangsu
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Zhejiang
	0.74 
	0.46 
	0.29 
	0.92 
	0.48 
	0.35 
	0.95 
	0.53 
	0.37 
	0.97 
	0.60 
	0.54 
	0.83 
	0.66 
	0.40 
	0.78 
	0.64 
	0.36 

	Anhui
	0.49 
	0.65 
	0.56 
	0.76 
	0.78 
	0.53 
	0.68 
	0.80 
	0.47 
	0.75 
	0.72 
	0.67 
	0.50 
	0.68 
	0.24 
	0.55 
	0.74 
	0.40 

	Fujian
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.45 
	0.60 
	0.95 
	0.38 
	0.58 
	0.84 

	Jiangxi
	0.67 
	0.83 
	0.76 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Shandong
	0.54 
	0.54 
	0.42 
	0.64 
	0.66 
	0.42 
	0.52 
	0.57 
	0.30 
	0.66 
	0.55 
	0.51 
	0.70 
	0.52 
	0.56 
	0.67 
	0.69 
	0.78 

	Henan
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Hubei
	0.49 
	0.68 
	0.39 
	0.68 
	0.73 
	0.31 
	0.51 
	0.67 
	0.25 
	0.57 
	0.62 
	0.38 
	0.38 
	0.55 
	0.23 
	0.47 
	0.63 
	0.24 

	Hunan
	0.52 
	0.53 
	0.31 
	0.57 
	0.71 
	0.36 
	0.58 
	0.66 
	0.44 
	0.60 
	0.70 
	0.53 
	0.53 
	0.60 
	0.32 
	0.63 
	0.60 
	0.42 

	Guangdong
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Guangxi
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Hainan
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Chongqing
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.83 
	0.94 
	0.85 
	0.73 
	0.86 
	0.48 

	Sichuan
	0.51 
	0.72 
	0.61 
	0.76 
	0.71 
	0.53 
	0.54 
	0.65 
	0.34 
	0.61 
	0.67 
	0.73 
	0.41 
	0.63 
	0.44 
	0.41 
	0.60 
	0.22 

	Guizhou
	0.74 
	0.87 
	1.00 
	0.44 
	0.59 
	0.42 
	0.37 
	0.50 
	0.31 
	0.77 
	0.71 
	0.88 
	0.79 
	0.83 
	0.24 
	0.84 
	0.70 
	0.17 

	Yunnan
	0.63 
	0.45 
	0.84 
	0.51 
	0.34 
	0.43 
	0.78 
	0.48 
	0.62 
	0.44 
	0.32 
	0.55 
	0.46 
	0.34 
	0.53 
	0.56 
	0.44 
	0.47 

	Xizang
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Shaanxi
	0.53 
	0.54 
	0.81 
	0.55 
	0.53 
	0.28 
	0.33 
	0.44 
	0.30 
	0.42 
	0.56 
	0.48 
	0.39 
	0.53 
	0.34 
	0.49 
	0.46 
	0.30 

	Gansu
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	0.74 
	0.58 
	1.00 
	0.71 
	0.38 
	0.66 

	Qinghai
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	Ningxia
	0.92 
	0.90 
	1.00 
	1.00 
	0.81 
	0.80 
	0.79 
	0.80 
	0.80 
	0.76 
	0.68 
	0.93 
	1.00 
	1.00 
	1.00 
	0.82 
	0.96 
	0.64 

	
	[image: ]

	
	0.00
	
	
	
	
	1.00
	
	
	
	
	
	
	
	
	
	
	
	


Notes:  Investment in environmental support, investment in industrial development and research and experimental development expenditures are denoted as Id1, Id2 and Id3 respectively.













Table A4
Spatial migration parameter.
	
	
	Standard deviational ellipse
	Centre of gravity

	
	Year
	Corner
	XStdDist
	YStdDist
	Std deviation ratio
	Area(km2)
	Longitude
	Latitude
	Moving direction
	Moving distance
(km)

	AISC
	2018
	39.48°
	943669.32 
	1214772.47 
	0.7768 
	3601140.79 
	111.99°
	33.72°
	
	

	
	2019
	41.53°
	947354.64 
	1174772.23 
	0.8064 
	3496166.79 
	111.97°
	33.51°
	Southwest
	22.72 

	
	2020
	42.52°
	964477.44 
	1171585.37 
	0.8232 
	3549707.52 
	111.77° 
	33.33°
	Southwest
	29.56 

	
	2021
	40.50°
	956286.32 
	1177479.40 
	0.8121 
	3537265.27 
	111.79°
	33.46°
	Northeast
	14.43 

	
	2022
	38.93°
	958572.58 
	1192186.59 
	0.8040 
	3590008.35 
	111.94°
	33.56°
	Northeast
	19.95 

	
	2023
	37.99°
	957705.12 
	1210666.08 
	0.7911 
	3642354.05 
	112.02°
	33.62°
	Northeast
	11.47 

	AI
	2018
	38.81°
	961789.56 
	1211500.82 
	0.7939 
	3660410.58 
	111.76°
	33.66°
	
	

	
	2019
	43.38°
	980618.75 
	1139419.62 
	0.8606 
	3510031.09 
	111.83°
	33.39°
	Southeast
	31.44 

	
	2020
	48.96°
	1112172.23 
	1009460.43 
	1.1017 
	3526865.20 
	111.39°
	32.89°
	Southwest
	73.84 

	
	2021
	38.70°
	988281.20 
	1135211.05 
	0.8706 
	3524389.06 
	111.34°
	33.09°
	Northwest
	23.84 

	
	2022
	37.39°
	995095.81 
	1166293.56 
	0.8532 
	3645858.06 
	111.25°
	33.28°
	Northwest
	22.67 

	
	2023
	35.25°
	986656.07 
	1214859.42 
	0.8122 
	3765461.31 
	111.53°
	33.39°
	Northeast
	34.13 

	SC
	2018
	39.94°
	927008.26 
	1217229.20 
	0.7616 
	3544714.59 
	112.20°
	33.76°
	
	

	
	2019
	40.67°
	918668.23 
	1203003.21 
	0.7636 
	3471769.19 
	112.08°
	33.61°
	Southwest
	20.73 

	
	2020
	40.92°
	925922.47 
	1213401.31 
	0.7631 
	3529426.18 
	112.08°
	33.67°
	Northwest
	6.67 

	
	2021
	41.25°
	929120.51 
	1206978.17 
	0.7698 
	3522872.84 
	112.17°
	33.75°
	Northeast
	13.47 

	
	2022
	39.24°
	928225.92 
	1206976.10 
	0.7691 
	3519474.73 
	112.48°
	33.78°
	Northeast
	34.18 

	
	2023
	39.59°
	934094.91 
	1205339.39 
	0.7750 
	3536926.05 
	112.40°
	33.80°
	Northwest
	9.42 


Notes:  XStdDist is the standard deviation along the x axis (short axis). YStdDist is the standard deviation along the y axis (long axis). The corner is the angle between the long axis and the true north direction.
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