[bookmark: OLE_LINK5]Appendix A. Automated Spatial Sampling Workflow
This appendix describes the Bash and Python programs we used to turn a sampled ward, village tract, or neighbourhood into field-ready GIS materials. In practical terms, the system combined bash wrappers, Python scripts, GDAL, QGIS processing tools, GeoPandas, and Google Earth outputs. Its main inputs were modest: a control spreadsheet or CSV listing the sampled administrative units, a WorldPop raster or stable download link, and a digital boundary source, either a master shapefile or an OpenStreetMap boundary download link. Once those inputs were available, the program could process each sampled local unit in batch form and produce sampling logs, KML (Keyhole Markup Language) overlays, centroid coordinates, and zipped field bundles. The one stage that still required a quick review was the release decision on the candidate half-minute grids, since the team sometimes needed to confirm habitation or access before final issue.
The workflow was designed to replace the weakest stage of the survey frame, not the whole design. Upper-stage sampling remained fixed outside the GIS system. The program began only after the target township and lower-level administrative unit had already been selected. From that point onward, the remaining steps were largely automated.
Step-by-step procedure
1. Prepare the control file. The program began from an Excel or CSV file listing the sampled state or region, township, lower-level unit, and the number of required draws. In the Myanmar workflow, these files also recorded which half-minute grid was eventually released to the field, which made replacements traceable.
2. Create the batch structure. The shell and Python wrappers generated a separate job and folder structure for each sampled local unit. This made it possible to rerun one unit without disturbing the rest of the sample and kept the outputs organised by state, township, and village tract or ward.
3. Obtain the local boundary. The program then acquired the boundary for the sampled unit. In Myanmar, the boundary was usually extracted from a larger state-level shapefile by matching township and village-tract names. In the China-side workflow, boundary files could be downloaded directly from an OpenStreetMap boundary service with curl. Either route produced a dedicated polygon file for the sampled local unit.
4. Load the gridded population raster. The workflow used WorldPop as the population surface. In the archived runs, the raster was often stored locally as a TIFF, but the system can just as easily begin from a stable download link. The key point is that the program required only one population raster for the relevant country and year, not a household listing.
5. Clip the raster to the sampled local unit. The boundary polygon was used as a cutline in gdalwarp, which clipped the WorldPop raster to the exact area of the sampled ward, village tract, or neighbourhood. This produced a small local population raster and reduced the computational burden of later steps.
6. Create a half-minute grid and estimate cell population. QGIS processing tools then drew a regular half-minute grid over the local boundary and calculated the population sum for each cell from the clipped raster. The output was a table of cell boundaries and estimated population totals. This table functioned as the PPS frame for the first GIS stage.
7. Select candidate half-minute grids with systematic PPS. The selection script removed cells with no estimated population and, in the Myanmar production workflow, also removed very small cells below a preset threshold. It then cumulated the cell populations, drew a random start, applied a fixed interval, and selected four candidate half-minute grids by systematic PPS. The program wrote out sampling logs, detailed selection tables, coordinate files, and a KML layer for visual checking.
8. Review the candidate half-minute grids. The program intentionally selected several candidate half-minute grids rather than one. This allowed the research team to inspect the candidates in Google Earth or similar software and choose the release grid if one candidate appeared uninhabited, inaccessible, or otherwise unsuitable. The selected half-minute grid number was then recorded in the control file.
9. Create the small-grid lattice within each candidate half-minute grid. For each candidate half-minute grid, the second GIS stage built a 9 by 9 internal lattice, yielding 81 small grids. The program slightly reduced the bounding extent before drawing that lattice so that the resulting cells were cleanly nested inside the half-minute boundary.
10. Estimate population and select small grids. Population totals were again calculated for the 81 small grids from the clipped WorldPop raster. A second systematic PPS routine then selected 12 small grids within each candidate half-minute grid. These were organised into three groups of four, which gave the field team an ordered set of alternatives rather than a single point of failure.
11. Prepare navigation and release materials. The program exported KML files for each group of selected small grids, wrote plain-text instruction files listing the grid identifiers and bounding coordinates, and calculated centroid coordinates for field navigation. These outputs could be loaded into Google Earth or entered directly into a GPS device or smartphone.
12. Package the field bundles. The final stage zipped the group folders and copied the relevant bundles into a release directory for each sampled local unit. In practice, this produced a standard field package containing the chosen half-minute grid, grouped small-grid alternatives, KML overlays, and coordinate sheets.
In effect, the archived code base worked as an automated spatial sampling system. If one had the control spreadsheet or CSV, a WorldPop source, and a boundary source that could be downloaded or extracted in batch form, the remaining operations could be reproduced with limited additional handwork. That was the practical value of the system in a difficult field setting: it reduced reliance on household lists, limited ad hoc field decisions, and kept the final-stage selection process visible.
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