Supplementary Methods S1. Fieldwork procedure, participant types, UAV images and photographic materials
S1.1 Fieldwork procedure
The fieldwork followed a staged procedure combining regional investigation and case-village verification. 
First, the research team conducted regional field surveys in the Guanzhong region from 2024 to 2026. More than 100 rural settlements were investigated, and 44 representative villages were selected as the empirical basis for previous space-gene identification. The selection considered settlement type, geographic setting, regional representativeness and renewal pressure.
Second, Shichuangou Village in Lantian County, Shaanxi Province, was selected as the scenario-based validation case. The village was chosen because it retains a recognisable mountain–valley–farmland settlement structure and simultaneously faces renewal pressures related to road upgrading, public-space improvement, rural housing renovation, tourism facility insertion and industrial development.
Third, the case investigation combined field observation, spatial mapping, interviews, photographic recording, UAV imagery, planning documents and project-related materials. These materials were used to verify local spatial meanings, identify renewal pressures and support the value–risk diagnosis of the five categories of space gene.
For Shichuangou Village, the case-validation materials included 75 interviews with adult participants, field observation records, UAV images, field photographs, village planning documents and project-related materials. These materials were used to cross-check the spatial carriers of space genes, identify renewal pressures, and support the scoring of stability, identifiability, relationality and disturbance. Interview materials were anonymised before analysis, and photographs containing identifiable persons or private residential spaces were not used in publicly shared materials.
S1.2 Participant types
The interview participants included adult villagers, craftspeople, planners, local managers, local government staff, researchers and visitors. All participants were aged 18 years or above. Participants were asked about local spatial characteristics, everyday use of lanes, courtyards and public nodes, perceived changes in village space, renewal pressures and opinions on rural spatial character.
The interview records were not used to identify individuals. Instead, they were used to support the interpretation of identifiability, relationality and disturbance in the value–risk diagnosis. Personal names, contact details, exact household addresses and other identifiable information were removed from the research records used for analysis.
S1.3 UAV and photographic materials
UAV images and field photographs were used to support spatial interpretation and evidence triangulation. UAV images helped identify settlement boundaries, river-valley relations, street-and-lane structures, public-node distribution and the relationship between built-up areas and surrounding farmland, forests and water systems. Field photographs were used to document street interfaces, courtyard forms, material interfaces, public nodes, renewal interventions and visible disturbances.
Photographs containing identifiable persons or private residential spaces were not publicly shared. When such photographs were used for internal verification, they were processed through anonymisation or de-identification. Only non-identifiable images and derived analytical diagrams were used in the manuscript or supplementary materials.
S1.4 Use of materials in analysis
[bookmark: _GoBack]The fieldwork materials were used in four analytical steps: identifying and verifying the spatial carriers of space genes; supporting governance-attribute coding; providing evidence for stability, identifiability, relationality and disturbance scoring; and validating whether adaptive renewal rules could be applied to specific governance scenarios. Multiple sources were cross-checked to reduce reliance on single observations or subjective judgement.

