Supplementary Table S8. Scenario-validation records for Shichuangou Village
	Scenario
	Governance context
	Main renewal issue
	Affected space gene
	Governance attributes
	Evidence used
	Rule called
	Toolbox component used
	Validation judgement

	Parking and visitor-service facility insertion
	Village planning; project siting; tourism facility layout
	Parking areas and visitor-service facilities may occupy the river-valley corridor, disturb settlement edges and alter street-lane circulation
	Mountain/forest–village–farmland–water spatial-pattern gene; fishbone-shaped street-and-lane morphology gene
	Control boundary; organisational skeleton
	Village plan, UAV image, field photographs, field observation, interview notes
	Boundary control; ecological corridor protection; street-skeleton continuity; slow-mobility organisation
	Governance zoning map; value–risk–rule checklist; dynamic project database
	Facilities may be conditionally inserted in moderate renewal or flexible development zones, but should not occupy core conservation areas, ecological corridors or traditional street-lane skeletons.

	Public-node renewal
	Public-space renewal; service facility insertion
	Public nodes may be over-landscaped, commercialised or tourism-oriented, weakening everyday public use by villagers
	Multi-core centripetal public-node gene
	Public node
	Node distribution map, field photographs, activity observation, interview notes
	Node multifunctionality; public-service insertion; local-memory retention; coordination between old and new nodes
	Value–risk–rule checklist; adaptive renewal rule set
	Renewal should retain everyday public use and village social interaction, while allowing compatible service, display and visitor functions.

	Rural housing and guesthouse renovation
	Rural housing renovation; guesthouse conversion
	Building extension, height increase, courtyard hardening and commercial insertion may disturb courtyard scale, spatial layers and street-facing interfaces
	White-walls-and-grey-tiles courtyard gene
	Architectural unit
	Courtyard survey, field photographs, interview notes, housing-renovation records
	Courtyard-scale control; dwelling adaptation; courtyard reuse; street-interface maintenance
	Checklist; adaptive renewal rule set; dynamic project database
	Housing improvement and guesthouse conversion may be allowed, but building height, volume, courtyard depth and street interface should be controlled.

	Material-interface control
	Façade renewal; building repair; material replacement
	Modern materials, uniform façade treatment and decorative renovation may weaken local construction character
	Post-and-lintel/interlocking timber-frame material gene
	Material interface
	Material survey, construction photographs, field observation, interview notes
	Material coordination; colour–texture control; selective repair; continuation of local construction logic
	Checklist; material guidance; dynamic project database
	Representative interfaces in core areas and along key lanes should retain local material logic; modern materials may be used in ordinary areas only through coordinated substitution.

	Industrial development and tourism insertion
	Industrial development; tourism planning; project review
	Guesthouses, restaurants, exhibition spaces and tourism routes may increase spatial congestion, occupy public nodes and compress villagers’ living space
	Spatial-pattern gene; street-and-lane morphology gene; public-node gene; courtyard gene; construction-material gene
	Control boundary; organisational skeleton; public node; architectural unit; material interface
	Planning documents, project records, field photographs, interviews, UAV images
	Industrial insertion constraint; visitor-circulation organisation; node multifunctionality; courtyard adaptation; material-interface coordination
	Governance zoning map; checklist; dynamic project database; adaptive rule set
	Industrial and tourism projects should be prioritised in moderate renewal and flexible development zones and reviewed according to capacity, traffic, publicness and architectural-character requirements.
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[bookmark: _GoBack]Note: Scenario validation was used to test whether the governance toolbox could locate proposed interventions, identify affected space genes, call corresponding adaptive renewal rules and record follow-up information. It does not represent post-implementation performance evaluation.






