Supplementary Table S1. Data inventory and data sources
	Data ID
	Data category
	Data source
	Spatial / empirical coverage
	Time period
	Original data format
	Processed / derived data
	Use in this study
	Availability status

	D1
	Regional space-gene identification results
	Previous doctoral research and published article on rural space-gene extraction in the Guanzhong region
	More than 100 surveyed rural settlements; 44 representative villages selected for previous space-gene identification
	Previous research stage; related fieldwork and data collection conducted before the present governance-translation study
	Field notes, spatial maps, photographs, interview records, questionnaire materials, settlement diagrams and analytical tables
	Five categories of rural space genes and related feature factors
	Used as the baseline secondary analytical input for governance translation. The present article does not re-extract space genes but translates previously identified space genes into governance attributes and rules.
	Published article available through DOI; unpublished doctoral dissertation provided as confidential supporting material for editorial and peer-review assessment only

	D2
	Field survey records for Shichuangou Village
	On-site field investigation conducted by the research team
	Shichuangou Village, Lantian County, Shaanxi Province
	2024–2026
	Field notes, observation records, sketch maps and site survey records
	Description of renewal pressures, spatial carriers of space genes and scenario-validation evidence
	Used to identify current renewal pressures, verify spatial meanings and support governance-attribute coding and scenario validation
	Redacted and summarised fieldwork records are summarised  in the Supplementary Information; identifiable or locally sensitive details are restricted

	D3
	Interview materials
	Interviews with villagers, craftspeople, planners and local managers
	Shichuangou Village; 75 interviews
	2024–2026
	Interview notes, interview summaries and, where available, audio-based records
	Anonymised interview codes, thematic summaries and evidence notes
	Used to verify local spatial meanings, perceived renewal pressures, everyday use of public nodes, lanes, courtyards and material interfaces, and to support the interpretation of identifiability, relationality and disturbance
	Anonymised coding summaries are summarised in the Supplementary Information; original recordings and full transcripts are restricted because they may contain identifiable personal information

	D4
	Questionnaire and interview instruments
	Research team survey instruments developed for rural-characteristic and space-gene identification research
	Guanzhong rural settlements and case-village validation
	Previous and present research stages
	Open-ended interview guide and formal questionnaire
	Survey documentation and item list
	Used to document the research instruments supporting spatial perception, rural-characteristic evaluation and space-gene interpretation
	Provided as Supplementary Methods S2

	D5
	UAV images
	UAV field photography conducted during village investigation
	Shichuangou Village and selected spatial units
	2024–2026
	High-resolution aerial images
	Settlement boundary interpretation, spatial-pattern diagrams, street-and-lane structure interpretation and derived analytical maps
	Used to verify mountain–village–farmland–water relations, settlement edges, street-lane structure, public-node distribution and renewal disturbance
	Derived and non-identifiable spatial outputs are summarised in the Supplementary Information; high-resolution UAV images are restricted because they may contain sensitive spatial information or identifiable private spaces

	D6
	Field photographs
	Field photography by the research team
	Streets, lanes, courtyards, public nodes, building interfaces and material details in Shichuangou Village
	2024–2026
	Original photographs
	Classified photographic evidence, anonymised image records and visual verification notes
	Used to verify spatial carriers, street-lane interfaces, courtyard forms, construction materials, public nodes and visible renewal disturbances
	Non-identifiable and redacted image evidence is provided where appropriate; photographs containing identifiable individuals or private spaces are restricted

	D7
	GIS and remote-sensing materials
	Publicly available spatial data, GIS base maps and remote-sensing interpretation materials
	Guanzhong region and Shichuangou Village
	Data year varies by source and map layer
	GIS layers, remote-sensing images, topographic and settlement base maps
	Study-area maps, village location maps, spatial relationship diagrams and zoning-support layers
	Used to support study-area description, settlement-location interpretation, spatial-pattern analysis and governance zoning
	Derived maps and non-sensitive analytical outputs are summarised in the Supplementary Information; source layers are cited or described according to access conditions

	D8
	Village planning documents
	Village-level planning documents and related administrative materials
	Shichuangou Village and relevant local administrative units
	Document year varies
	Planning texts, maps and project-related descriptions
	Extracted planning issues, renewal pressures and project-context summaries
	Used to identify ongoing or proposed renewal activities, including road upgrading, housing renovation, tourism facility insertion, public-space improvement and industrial development
	Redacted summaries are summarised in the Supplementary Information; full documents are restricted where they are not publicly released or were obtained under administrative permission

	D9
	Project-related documents
	Local project records, renewal project descriptions and field-verified project information
	Shichuangou Village
	Document year varies
	Project descriptions, site information and field verification records
	Dynamic project database fields, disturbance-type records and scenario-validation inputs
	Used to construct the dynamic project database template and validate how proposed interventions can be reviewed through the governance toolbox
	Redacted and aggregated project information is provided; non-public project files are restricted

	D10
	Value–risk diagnostic data
	Researcher coding based on field materials, interviews, spatial evidence and document review
	Five categories of space genes in Shichuangou Village
	Analytical stage of the present study
	Independent scoring sheets from two researchers
	Final consensus scores, value score V, risk score R and value–risk matrix
	Used to classify the five space-gene categories into continuation-, repair-, adaptation- and replacement-oriented governance states
	Anonymised independent scores, consensus scores and calculation table are summarised  as Supplementary Tables S5–S6

	D11
	Rule-translation and governance-tool data
	Analytical synthesis by the research team based on space-gene categories, governance attributes and value–risk diagnosis
	Shichuangou Village
	Analytical stage of the present study
	Coding notes, rule-matching records and scenario-analysis sheets
	Adaptive rule-translation table, governance zoning logic, dynamic project database template and scenario-validation records
	Used to build the governance toolbox and test whether spatial knowledge can be translated into actionable governance instruments
	Provided as Supplementary Tables S7–S8 and related supplementary methods

	D12
	Figure and table source data
	Research team’s processed analytical files
	Figures and tables included in the manuscript
	Analytical stage of the present study
	Mapping data, scoring data, diagram data and table data
	Source data for figures, value–risk matrix and governance-tool diagrams
	Used to support transparency and allow reviewers to check the empirical basis of the manuscript’s figures and tables
	Non-sensitive source data and data-processing notes are summarised  in the Supplementary Information


*Notes on data sources and data use
The empirical basis of this study consists of two levels of data. The first level is the regional baseline dataset derived from previous space-gene identification research in the Guanzhong region. That previous research surveyed more than 100 rural settlements and selected 44 representative villages for space-gene identification. The present manuscript uses the established five categories of rural space genes as secondary analytical input and does not repeat the full extraction procedure.
The second level is the case-validation dataset for Shichuangou Village. These materials include field survey records, interviews, UAV images, field photographs, GIS and remote-sensing materials, village planning documents and project-related records. They were used to verify local spatial meanings, identify renewal pressures, support governance-attribute coding, conduct value–risk diagnosis and test the scenario-based application of the governance toolbox.
[bookmark: _GoBack]The restricted materials include original interview recordings, full interview transcripts, photographs containing identifiable individuals, precise household or dwelling coordinates, high-resolution UAV images and some non-public village planning or project documents. These materials are not publicly shared because they may contain identifiable personal information, sensitive village-level spatial information, private residential information, copyright-protected content or documents obtained under local administrative permission. To support peer review while protecting participants and restricted materials, the authors provide anonymised coding sheets, redacted supporting documentation, aggregated analytical outputs, value–risk matrices, scenario-validation records and methodological documentation.

