[bookmark: OLE_LINK11]Table 1 presents the evaluation system for high-quality development (HQD), organized into five secondary dimensions (innovative, coordinated, green, open, and shared development) and 21 tertiary indicators. Indicator attributes (positive or negative) are also indicated. 
Appendix Table 1 Evaluation system of HQD
	Primary 
Indicators
	Secondary Indicators
	Tertiary Indicators
	Indicator Attributes

	
	
	
	[bookmark: OLE_LINK31]Variable
	Attributes

	Innovative 
Development
	R&D and Education Expenditure
	R&D Expenditure / Fiscal Expenditure (%)
	x1
	Positive

	
	
	Education Expenditure / Fiscal Expenditure (%)
	x2
	Positive

	
	Patent Output
	Patent Granted
	x3
	Positive

	Coordinated
Development
	Loan-to-deposit Ratio
	Bank loans / deposits (%)
	x4
	Positive

	
	Social Welfare 
	Per Capita Disposable Income (RMB)
	x5
	Positive

	
	
	Non-real Estate Investment / Total Fixed Asset Investment (%)
	x6
	Positive

	
	Industrial Structure
	Share of Tertiary Industry (%)
	x7
	Positive

	Open 
Development 

	Foreign Investment
	Foreign Capital Utilization（billion U.S. dollars）
	X8
	Negative

	
	Profile of Foreign Enterprises
	Output of Foreign-invested Enterprises（billion RMB）
	x9
	Positive

	
	
	Number of Foreign-invested Enterprises
	x10
	Positive

	


Green
Development

	Pollutant Emissions
	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Industrial Wastewater Discharge/Industrial Output Value (t / (10⁴ CNY))
	x11
	Negative

	
	
	Industrial Sulfur Dioxide Emissions/Industrial Output Value (t / (10⁴ CNY))
	x12
	Negative

	
	Sewage treatment 

	Industrial Smoke and Dust Emission/Industrial Output Value (t / (10⁴ CNY))
	x13
	Negative

	
	
	Utilization Rate of General Industrial Solid Waste (%)
	x14
	Positive

	
	
	Centralized Sewage Treatment Rate (%)
	x15
	Positive

	
	
	Harmless Treatment Rate of Municipal Solid Waste (%)
	x16
	Positive

	Shared
Development
	Social Welfare 

	Number of Physicians / Population (%)
	x17
	Positive

	
	
	Wages of Employed / Workers (RMB)
	x18
	Positive

	
	
	Urban Greening Rate (%)
	x19
	Positive

	
	Final Consumption Rate 
	Total Retail Sales of Consumer Goods / GDP (%)
	x20
	Positive

	
	Fiscal Balance Ratio
	Fiscal Expenditure / Fiscal Revenue (%)
	x21
	Negative


Table 2 compares the weighting parameters for HQD indicators derived from three methods: Analytic Hierarchy Process (AHP), Data Envelopment Analysis (DEA), and Entropy Weight Method (EWM).
Appendix Table 2 Weight Parameter（AHP、DEA、EWM）
	 Classified Indicators
	 Sub-indicators
	AHP
	DEA
	EWM

	Innovation
Development
	Science and Education Input 
	0.0492
	0.0520
	0.066

	
	
	
	
	

	
	 Patent level 
	0.0562
	0.0428
	0.189

	Coordinate
Development
	Financial Development 
	0.0071
	0.0093
	0.007

	
	People's livelihood 
	0.0255
	0.0276
	0.039

	
	
	
	
	

	
	 Industrial structure
	0.0156
	0.0168
	0.005

	Open 
Development 

	 Foreign Investment 
Overview
	0.1725
	
0.1812

	0.161

	
	 Profile of Foreign 
Enterprises
	0.4213
	0.4312
	0.407

	Green 
Development

	Three wastes emission 
	0.0306
	0.0334
	0.007

	
	 Sewage treatment 
	0.0106
	0.0064
	0.026

	Shared
Development
	 Social Welfare 
	0.0687
	0.0657
	0.047

	
	Consumption level 
	0.0162
	0.0151
	0.006

	
	Government burden 
	0.0304
	0.0260
	0.038


[bookmark: OLE_LINK10]Table 3 provides the evaluation system for regional carrying capacity (RCC), covering three subsystems: economic development, resource bearing, and environmental carrying. Nineteen tertiary indicators are included with their descriptions.
Appendix Table 3 Regional Carrying Capacity Evaluation System
	 Subsystem
	Indicator layer 
	Variable
	 Indicator Description

	Economic development subsystem
	[bookmark: OLE_LINK22]GDP per capital (RMB)
	C1
	The ratio of regional GDP to the resident population

	
	The proportion of manufacture and tertiary industries (%)
	C2
	The sum of the output value of tertiary and tertiary industries as a proportion of GDP

	
	Per capital disposable income of urban residents (RMB)
	C3
	Total annual cash income of urban households after deducting income tax and social security expenditure paid by individuals

	
	Level of Urbanization
	C4
	The ratio of regional resident urban population to total population

	
	Per capital net income of farmers (RMB)
	C5
	Rural households' total annual income after deducting the expenses incurred in obtaining the income

	 



Resource bearing subsystem
	Per capital Cultivated land area (mu-person-¹)
	C6
	Cultivated land area per capital in the region

	
	Per capital Water resources (m(3) -k-1) 
	C7
	Water resources per person in the region

	
	Population density (person-km-2) 
	C8
	The ratio of the total population to total land area in the region

	
	Energy consumption per unit of regional GDP
(t (standard coal)-million yuan-¹) 
	C9
	Regional GDP energy consumption

	
	Water consumption per 10,000 Yuan of industrial added value
 (m3- 10,000 Yuan-1) 
	C10
	Water consumption per I million Yuan of industrial value added.

	
	Electricity consumption per 10,000 Yuan GDP (104kW-h - 10,000 Yuan-1) 
	C11
	Electricity consumption per 10,000 Yuan of industrial value-added

	
	Number of beds in hospitals per 10,000 people (10,000 people-¹)
	C12
	Number of health institution beds per 10,000 people in the region

	 Environmental Carrying Subsystem
	Sulfur dioxide emissions (tons) 
	C13
	Sulfur dioxide emissions per unit of industrial-added value

	
	[bookmark: OLE_LINK21]Emission of nitrogen oxides (tons) 
	C14
	NOx emissions per 10,000 Yuan of industrial-added value

	
	Smoke (dust) emissions (tons) 
	C15
	Smoke (powder) dust emissions per unit of industrial-added value

	
	Amount of investment in industrial pollution control (10,000 tons) 
	C16
	Amount of Funds Used for Industrial Pollution Control

	
	Completed Investment in Solid Waste Treatment Projects (10,000 Yuan)
	C17
	Amount of funds used for solid waste treatment

	
	Forest cover rate (%)
	C18
	The ratio of forest area to total land area in the region

	
	Total wastewater discharge (tons)
	C19
	Wastewater discharge per unit of industrial increase



This appendix provides the mathematical formulations of the spatial weight matrices and spatial econometric models used in the main analysis.
The Rook contiguity rule defines a spatial weights matrix as follows:

		（1）
Where:
= indices of spatial units (,  = total number of spatial units).
Common boundary = non-zero length border where units physically connect.
Diagonal elements: =0 (no self-connection). Binary weighting: All adjacent units receive equal weight.
The inverse-distance spatial weights matrix assumes that the strength of spatial interaction decays with increasing distance between spatial units. Its generalized form is expressed as:

		（2）
Where:: Distance between spatial units  and  (e.g., Euclidean, road network, or travel time);: Distance decay parameter (exogenous friction coefficient, typically ): Ratio of shared boundary length between units and  to the total boundary length of unit : Boundary effect coefficient (often set to =0 in practice).
The economic weight matrix constructs spatial interactions based on the relative economic differences between neighboring units rather than absolute differences. The specific formal is:

		（3）
Where: : Economic variable (e.g., GDP, industrial output) of spatial unit. : Set of all spatial units that share a boundary with unit . Key Feature: Row-standardization is inherently satisfied since  for each 
The economic-geographical nested weight matrix, which is defined as follows: the connection strength between spatial units i and j is determined by a double decay mechanism:

 		（4）
Among them: represents the geographic Euclidean distance, andis the proxy variable for economic distance (logarithm of per capital GDP). The negative exponential form ensures that geographic proximity and economic similarity have a positive impact on spatial interaction (Zheng et al., 2024).
To avoid scale bias, the original weight matrix is row-standardized:

		（5）
The standardizedweight matrix form is:

		（6）
Among , the denominator terms are standardized, and the main diagonal elements are always zero. Where is is the spatial weight, n is the number of provinces,  denotes the observed values of city and city , respectively,  is the variance, and  is the mean (Lan et al., 2020, Li et al., 2020, Li et al., 2022b).
(2) Spatial econometric modeling
In this study, the spatial lag model (SLM), spatial Durbin model (SDM), and spatial error model were compared using a likelihood ratio test (LR Test) and information criteria (AIC / BIC).

  （7）

	（8）

		     （9）

		（10）
Wheredenotes city, denotes year, is the level of high-quality economic development,the time lag term of the explanatory variables, denotes the carrying capacity of the system,  denotes the control variables,  and  are the time and province fixed effects, respectively, respectively,  is a random perturbation term, and  is the spatial autocorrelation error term. The correlated error terms , , and  are the model parameters to be estimated.
The LR test statistic is calculated as:

		（11）
Where ll SDM and ll SLM are the log-likelihood values of the SDM and SLM.
[bookmark: _GoBack]
Appendix Table 4  Spatial autocorrelation test results
	[bookmark: OLE_LINK27]year
	Variables
	I
	p-value

	2003
	y
	0.226
	0.009

	2004
	
	0.231
	0.008

	2005
	
	0.243
	0.006

	2006
	
	0.235
	0.007

	2007
	
	0.241
	0.006

	2008
	
	0.239
	0.006

	2009
	
	0.232
	0.006

	2010
	
	0.229
	0.006

	2011
	
	0.236
	0.005

	2012
	
	0.24
	0.004

	2013
	
	0.233
	0.005

	2014
	
	0.23
	0.006

	2015
	
	0.23
	0.007

	2016
	
	0.244
	0.005

	2017
	
	0.213
	0.005

	2018
	
	0.21
	0.004

	2019
	
	0.211
	0.003

	2020
	
	0.21
	0.003

	2021
	
	0.199
	0.003

	2022
	
	0.18
	0.003


Note: All Moran's I values are positive and statistically significant at the 5% level, indicating positive spatial autocorrelation of HQD across BTH cities.
All tables and equations in this appendix are referenced in the main text as "Appendix Table X" or "Appendix Eq. (X)".
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