Supplementary Methods S1. The original code in R language for calculating spatially resolved average O3 exposure levels

# Set working directory (replace with your actual directory)
setwd("/path/to/your/working/directory")

# Clear the workspace
rm(list = ls())

# Load required libraries
library(ncdf4)
library(raster)
library(sp)
library(sf)
library(rgdal)
library(openxlsx)

# List all NetCDF files in the directory (including subdirectories)
files = list.files(pattern = ".nc$", recursive = TRUE)

# Read shapefile (replace with the actual path to your shapefile)
aoi = readOGR("/path/to/your/shapefile", use_iconv = TRUE, encoding = "UTF-8")

# Define WGS84 coordinate reference system
newproj <- "+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs +towgs84=0,0,0"

# Transform coordinate system of shapefile to WGS84
[bookmark: _GoBack]aoi = spTransform(aoi, newproj)

# Initialize data frame with shapefile attribute (e.g., region code)
TA <- data.frame(code = aoi@data)
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# Loop through each NetCDF file
for (i in 1:length(files)) {
  nc <- nc_open(files[i])
  lon <- ncvar_get(nc, "lon")
  lat <- ncvar_get(nc, "lat")
  O3 <- ncvar_get(nc, "O3")
  fillvalue <- ncatt_get(nc, "O3", "fill_value")
  
  # Create raster from O3 data
  r <- raster(t(O3), xmn = min(lon), xmx = max(lon), ymn = min(lat), ymx = max(lat),
              crs = CRS("+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs +towgs84=0,0,0"))
  
  # Extract mean O3 concentration by region
  O3_county <- raster::extract(r, aoi, fun = mean, na.rm = TRUE)
  
  # Append to data frame
  TA <- cbind(TA, O3_county)
  names(TA)[ncol(TA)] <- files[i]
  
  print(i)
}

# Save the result as an Excel file (replace with your desired output path)
write.xlsx(TA, file = "/path/to/output/result.xlsx", rowNames = FALSE)
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