IPUMSI Ecoregion Notebook
October 16, 2023
Joining IPUMS Geography with Contextual Data
To aid users in joining IPUMS International microdata with different contextual data, the IPUMSI geography team has developed this notebook to demonstrate joining time-insensitive data to IPUMSI geography units. The following tutorial uses the Terrestrial Ecoregions of the World dataset provided by the World Wildlife Fund, found at [https://www.worldwildlife.org/publications/terrestrial-ecoregions-of-the-world]. This dataset is distributed in the form of a separate shapefile, which will be transferred to a raster, then used to calculate the majority ecoregion found in each target administrative unit. There will also be a discussion about using different geographic levels and time periods and the different results produced using these differences. The example country in this notebook will be Ethiopia.
Set Up
Before beginning, it is important to note that this script is constructed using Python 2 and ArcMap. A valid installation of both programs is required to run the program. The script will need to be run using the ArcMap engine, as the required python libraries have changed location with the introduction of ArcPro.
All required libraries should be present after the installation of ArcMap. If other libraries are desired for editing or altering the script, see https://packaging.python.org/en/latest/tutorials/installing-packages/ for instructions on installing python libraries.
It will also be necessary to select which file will be joined with the GIS data. In this notebook, a polygon, or vector-bashed, shapefile is used. Other input files may come in raster format, and the script will need to be modified to accommodate this change.
Libraries
The necessary packages to be imported for this script are listed at the top of the program. The next two lines of the program are to check that the version of ArcGIS is compatible with the script, and to record the start time of the script to track how long the entire process takes.
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Environment Settings
The first section will ask for input locations and file names once the script is run, these inputs do not need to be edited within the script itself, and simply refer to the inputs that will be asked for. These inputs are the working directory, the name of the input ecoregion file, the name of the code field to be joined from the ecoregion file, the polygon boundary file, and the name of the admin code to be joined. These lines will not only point the script to the input data, but also provide information on where users can expect the output data to be saved.
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This step also involves selecting the appropriate scope for the individual research being conducted. Ecological regions very rarely follow the administrative boundaries established by different countries, and therefore many ecoregions may be found within these boundaries. It then may be helpful to choose a more disaggregated boundary file to appropriately capture the full breadth of ecoregion variations. In the example below, the three levels of administrative boundaries available from IPUMS for the Ethiopia 2007 census are shown overlaid on top of the ecoregion shapefile. The table then shows the percentages of each administrative unit with different dominant ecoregions.
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Processing
The next section deals with the actual processing and joining of the contextual data. These lines make great use of the various python scripts built into ArcGIS. This notebook will go through some of the features of the tools used in this script, but users should visit https://pro.arcgis.com/en/pro-app/latest/arcpy/main/arcgis-pro-arcpy-reference.htm to view documentation provided by ESRI on all python scripts for GIS processing.
The first tool is to convert the input Ecoregion shapefile into a raster dataset. A raster dataset is similar to an image, in that the data is represented in pixels, each with a unique value assigned to them. This format is ideal for joining to boundary files as it provides the greatest accuracy in determining the area of each ecoregion that falls within administrative boundaries.
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The second tool is used to run Focal Statistics on the newly created raster. Focal statistics are used to refine the raster further, providing information about the surrounding data for each pixel. This helps the script to run faster by cutting down the time to gather information about each individual pixel.
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The next tool is used to join the information that has been refined in the previous two steps to the target boundaries, in this example they are the IPUMS Ethiopia 2007 boundaries. The field corresponding to the codes for these administrative boundaries will need to be specified first. This is in the first set of quotation marks after the parentheses. 
This tool will then analyze all pixels that fall within the specified boundaries and report various statistics about them based on the input for this tool. This script is written using the “Majority” prompt which identifies the ecoregion value whose pixels form the majority of cases within the area of each administrative unit. Other functions are available for this tool and can be found on the ESRI website at this link: https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/zonal-statistics-as-table.htm.
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Output
Lastly, the output data needs to be written to a .csv file to be readable for other statistical software. The last two functions write the output into a .csv that will be saved in the folder specified in the working directory specified at the beginning. The .csv table will be saved as “ecoregion_results”. The name can be edited within the script to whatever name users would like in the line shown in the following image.
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The script can then be run simply by pressing the F5 function key on the keyboard, or navigating to the top ribbon of the IDLE window, clicking on “Run”, and clicking on “Run module”
The output data will then be written, providing 6 columns of data. These columns are as follows:
· OID: The object ID generated by ArcGIS
· IPUM2007: The administrative boundary code field specified, in this case for Ethiopia 2007
· ZONE_COUNT: A unique number assigned to each administrative unit as the script progresses
· COUNT: The number of pixels located within each unit
· AREA: The geographic area of each unit, given in decimal degrees
· MAJORITY: The ecoregion code that represents the majority of the area of each unit
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The data is now ready to be joined to microdata extracted from IPUMS International!
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# Convert Polygon to Raster using the S-digit ECO_ID
azcpy. PolygonToRaster_conversion (originalData, "ECO_ID", raster,"MAXIMUM AREA", "", 0.004166S)
print 'finished polygon to raster conversion run: fs\n\n' % (datetime.datetime.now() - start)
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# Run Focal Statistics
print "Focal Statistics is in progress”

cutFocalstat = FocalStatistics (raster, ", "MAJORITY", "Daca”
outFocalstat.save (outFocals + "focal run” )

print 'finished focal run: fs\n\n' % (datetime.datetime.now() - starc)
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# Extract Values to Polygons

print "Extract Values is in progress”
outzsaT = ZonalStatisticsAsTable (polygons, "IPUM2007", outFocals + "focal run”, outExtracts, "DATA", "MAJORITY™

print 'finished values to Table run: $s\n\n' % (datecime.datetime.now() - start)
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# Convert to table
arcpy.TableToGeodatabase_conversion (out_extract, processing_tables_folder)

print "Ecoregion Table is created.”

arcpy.TableToTable_conversion (processing_tables_folder + "extract run.dbf", working directory, "ecoregion results.csv")
print 'finished all run: ¥s\n\n' % (datetime.datetime.now() - start)
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oD IPUM2007 ZONE_COICOUNT ~ AREA  MAIJORITY

1 1 1 249499 4331233 31007
1 2 2 420544 7.300527 31305
1 3 3 727982 1263757 31007
1 4 4 1399692 24.29826 31007
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1 6 6 238655 4.142985 30705
1 7 7 S05473 8774871 30112
1 12 8 145013 2517385 30705
1 13 9 1757 0030501 30112
1 1 10 2552 0044302 31007
1 15 1 7227 0125459 30112
1 88 12 25893 0449495 31007
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import os, sys, string, arcpy, csv
£xom arcpy import env
from arcpy.sa import *

# Check out ArcGIS extensions
azcpy.CheckOutExtension ("spacial”)
azcpy.CheckOutExtension ("GeoStats!

# Inporc date and time
import datecime

start = datetime.datecime.now()

print 'start time ts\n\n' § (datecime.datetime.now())
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# have user input necessary parameters
working_directory = raw_input ("Please specify the path to your working directory:\n”

ccoregion_filename = raw_input("Please specify the name of The ccoregion shapefile:\n")
raw_input ("Please specify the column containing your ccoregion identifying name or code:\"

ecoregion_column_id

polygon filename = raw_input ("Please specify the name of the boundary shapefile:\n")
polygon_column id = raw_input("Please specify the column containing your boundary identifying name or code:\n"
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