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[bookmark: _Toc33397901]Background
This document provides background information and guidance on how to run the Co-occurrence Inputs-Species-Use and Supporting Table tool; a series of 19 scripts broken up into 3 steps.  
All species location files are organized into species spatial libraries. There is one library for species range location and one library for designated critical habitat. Within each library file are organized in geodatabases, one per species groups. As part of the Processed GIS Data tool these libraries are updated with new or updated species location information. 

After the species’ spatial libraries are final for a given assessment, this tool generates composite species input files used for the overlap analysis. There are two types of composite files generated; merged composites and union composites. To help with batch processing of the Chemical Independent Co-occurrence Results tool the composite files are generated by species group, one file per species group. In additional to the composite files this tool generated the necessary supporting tables for the co-occurrence analysis.

The merged composites are generated using the Merge Tool[footnoteRef:1] from the ESRI ArcGIS software, merging all files and attributes into one composite file consisting of overlapping polygons. These merged composites are used to generate the supporting tables needed to calculate percent overlap.  [1:  https://desktop.arcgis.com/en/arcmap/latest/tools/data-management-toolbox/merge.htm] 


The union composites are generated using the Union Tool[footnoteRef:2] from the ESRI ArcGIS software, this tool generates the geometric union of the files and their attributes creating non-overlapping ‘zones’. Each unique zone may be occupied by multiple species. The species found in each zone are tracked in look-up tables generated at the time of the union. These files are used to run the co-occurrence analysis of the species location files and the use layers.  [2:  https://desktop.arcgis.com/en/arcmap/latest/tools/analysis-toolbox/union.htm] 


Additional spatial datasets used to supplement the overlap results for Weight of Evidences are added to the union composite files using the Intersect Tool[footnoteRef:3] from ESRI ArcGIS software for vector based information and the Combine Tool[footnoteRef:4] from ESRI ArcGIS software for raster based information. This additional spatial information is considered when incorporating pesticide usage information and the likelihood of exposure into the overlap results for consideration as part of the Weight of Evidence. A zone-look up table is generated for these final input files to identify the species, and supplemental spatial information found in each zone.  [3:  https://desktop.arcgis.com/en/arcmap/latest/tools/analysis-toolbox/intersect.htm]  [4:  https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/combine.htm] 


Vector based union composites are converted to rasters with ESRI’s Polygon to Raster[footnoteRef:5] tool using the  "MAXIMUM_COMBINED_AREA" for the cell assignment. This is done because when a vector based inputs are used with one of the ESRI’s Zonal Toolset[footnoteRef:6] tools the vector-to-raster conversion is applied in memory. By doing the conversion prior to running the tool this conversion is only done once. The ESRI documentation also states “to only use rasters as the zone and class inputs. If your inputs are feature, consider converting them to rasters first with the To Raster conversion tools. This offers you greater control over the vector-to-raster conversion, helping to ensure you consistently get the expected results.”[footnoteRef:7]  [5:  https://desktop.arcgis.com/en/arcmap/latest/tools/conversion-toolbox/polygon-to-raster.htm]  [6:  https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/an-overview-of-the-zonal-tools.htm]  [7:   http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/tabulate-area.htm] 


Snap raster are also recommended in the ESRI documentation to ensure raster align properly. There is one snap raster for each region and it is used when generating supporting information and running all overlap analyses. These are the same snap rasters used when generating the UDLs. 

Composite raster files are re-projected into the standard projection for a region, assigned based on the most common projection for the UDLs in the same region. The regional composite species files will only include species found in that region. Regions include-AK, AS, CNMI, CONUS, GU, HI, PR, VI. The current projections used for each region are provided in the Table 1.

Table 1. Regional projections used for all spatial files, UDLs and species input files.
	Region
	Projections

	Alaska (AK)
	WGS_1984_Albers.prj

	American Samoa (AS)
	WGS_1984_UTM_Zone_2S.prj

	Commonwealth of the Northern Mariana (CNMI) and Guam (GU)
	WGS_1984_UTM_Zone_55N.prj

	Contiguous United States (CONUS)
	Albers_Conical_Equal_Area.prj

	Hawaii (HI)
	NAD_1983_UTM_Zone_4N.prj

	Puerto Rico (PR)
	Albers_Conical_Equal_Area.prj

	United States Virgin Islands (VI)
	WGS_1984_UTM_Zone_20N.prj



This tool requires the ArcGIS version of Python 2.7, 64 bit, with Arcpy, Arcpy.sa, Pandas and Numpy modules imported.
[bookmark: _Hlk32431825]Each tool is accompanied with a flow chart to depict the process for generating the output. In these diagrams the dashed box is an individual workflow or tool. Blue boxes represent original data, green boxes processed data output from one of the ESA-BE tools, orange boxes highlight specific steps from a tool and yellow boxes indicate a review process.  
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[bookmark: _Toc33397903]List of Scripts- Generate Supporting Tables for Overlap
Step1_CreateComps_SpGroups.py
- Generates the species  merged composite used as inputs.
Step2_CheckForMissing.py
-Checks for missing species from the merged composites against the master species list
Step3_UpdateAtt_Comps.py
-Updates species attribute information in merged composites to match species master list
Step4_Intersect_Regions.py
- Generates regional composites in correct projection to calculate area of the species file found in each region
Step5_Reproject_WebMercator.py
- Projects master composites into world projection to calculates acres of full species location files
Step6_AcresTableByRegion.py
- Generates vector based acres table for all species in each region and full spatial file
Step7_L48_NL48_Both.py
- Generate output tables that places each species into NL48 and CONUS regions
Step8_AssignRegion.py
- Generate output tables that places each species into specific regions

Final output: Species merged composite files by region, regional assignments, acres tables
ESRI tool used: Merge, Intersect, Multipart to Singlepart, Spatial Join, Dissolve, Clip
Goal: Generate the species merged composite files by species group and region.  Merged composite files are GIS files with all species location files overlapping one another.  This information is used to calculate the area of the species range by regions
Original datasets: Political Boundaries; Projections for each region
Processed datasets: Species Spatial Libraries 
Time consideration – Species group with a large number of species (flowering plant) can take a long time to generate; depending on computer resources and species group this can take between 15 mins – 3 hours.  
Considerations for other tools/steps: Acres tables are used for percent overlap calculations and therefore the individual species files and the composite files can’t change without updating those tables and the spatial files used for the co-occurrence analysis. When calculated species location area for a given region the location file must be limited to just that region. For example, a continuous GIS file connecting Florida and Puerto Rico would need to be limited to just the area in Florida or Puerto Rico. 
Consideration should be given on whether to use the area tables base on the vector features or the raster layers.
Description: First merged composite files, or one GIS file with overlap layers, are generated by species group.  Each species is represented by one line in the attribute table for the merged composite file, and this is checked against the master species list to confirm all species are accounted for.  Composite files are ‘exploded’ to single part polygons, clipped to land, intersected and spatial joined with the regional boundary, then dissolved back down to multipart polygons.  The final result is a species location for a given region, where a species is represented by a single row.  This ensures area calculations are for the specific region, without this process area can be overestimated, for example a continuous GIS file connecting Florida and Puerto Rico would include areas from both regions. This would lower the percent overlap for a given regions as the total area for the species location would include both regions. Area in acres are calculated based on the regional merged composite after projecting into the regional projection. Regional projections are selected to minimized distortion on area. An area value for the full range is also calculated using web mercator for reference. 
See in-line comment for additional details on additional parameterization.
The integrity of indentation, wrapping, and comment symbology (#) should be carefully reviewed when working with these python scripts. All paths to input data and output locations are relative and need updating.
Example input tables, outlining the require format and structure are provided with the tool documentation. 
See flow diagram Co-occurrence Inputs-Species-Use and Supporting Table for a depiction of this process.
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[bookmark: _Toc33397905]List of Scripts- Generate Spatial Files for Overlap-Species
Step2_Union.py
- Generate master union file by sp groups using the species group geodatabase in the spatial library
Step2a_listSpecies_Union.py
- Generate list of species in union file if needed 
Step3_ClipUnion_toLand.py
- Clip union features classes to land
Step3B_ ExportLookupTable_FromUnion.py
- Exports zone-species look-up tables based on the union composite file.
Step4_Polygon_toRaster.py
- Converts all polygons into rasters, this is done as recommended by ESRI to have greater control over the conversion.
Step5_Projected_Raster_SingleGDB_SpComp.py
- Re-projects unioned raster into projection for the region - if geographic conversion needs to be done, NAD to WGS_ NAD_1983_To_WGS_1984_1, is used.
Step6_RasterToOtherFormat.py
- Converts raster to GRID type, and project to individual regional files.  Resulting files will only	include species found in that region.
Step7_ Acres_based_onPixel.py
- Generates acres table for species using the zones found in the species raster based union composites rather than the vector file input

Final output: Unioned species file by species group and region used for overlap
ESRI tool used: Union and Clip
Goal: Generate files used in overlap runs 
Original Datasets: Projections for each region; Political boundaries; Other supplemental spatial datasets
Processed Datasets: Species spatial libraries, Snap rasters
Time Consideration – Projection into WGS can take 1-6 hours.  
Considerations for other tools/steps: Regional union files used to generate look-ups; species location files can’t change without updating all of the overlap
Description: The species files are unioned by species group and attribute table generated by the union cleaned to drop the extraneous columns. The attribute information found in the individual file is confirmed against the current master species list. The list of species included in the union are generated and should be checked by at least two people against the master species list to confirm all species are included.  Union files are clipped to land using the Census Bureau’s political boundaries, then converted to rasters and projected into regional files/projections.  Regional files only include species in the given region.  When converting to raster snap rasters should be used.  The snap raster should be the same used for the other GIS tools.  The last step converts the raster to a GRID format to prevent schema locks when doing multiple overlap runs at the same time. 
See in-line comment for additional details on additional parameterization.
The integrity of indentation, wrapping, and comment symbology (#) should be carefully reviewed when working with these python scripts. All paths to input data and output locations are relative and need updating.
Example input tables, outlining the require format and structure are provided with the tool documentation. 
ESRI tool used: Union, Polygon to Raster, Clip
See flow diagram Co-occurrence Inputs-Species-Use and Supporting Table for a depiction of this process.
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[bookmark: _Toc33397907]List of Scripts- Generate Spatial Files for Usage-Species
1_Intersect_Cnty_HUC2.py
- Intersects the vector unioned species composite files to other vector information that is used to summarize data when applying usage. This is currently the political boundaries from the Census Bureau (counties) and the HUC-2 from the NHDPlus supplemented with the a/b splits for the aquatic modeling.
2_ ExportLookupTable_FromInterID.py
- Exports zone-species look-up tables based on the union composite file with HUC and political boundaries added
3_Combine.py
- Combines the species union composite rasters with supplemental spatial information such as the habitat rasters; allows for additional overlap scenario to be considered that includes this supplemental information.
4_ ExportLookupTable_FromCombine.py
- Exports zone-species look-up tables based on the union composite file with HUC, political boundaries and supplemental spatial files added.

Final Output: Unioned species file by species group and region used for usage overlap
ESRI tool used: Intersect, Combine
Goal: Generate files used in usage overlap runs 
Original Datasets: Projections for each region, Political Boundaries, HUC-2 Boundaries – NHDPlus, other spatial dataset such as habitat or elevation
Processed Datasets: Species Spatial Libraries, Snap Rasters
Time Consideration – Combine can take 15+ hours for files with a number of unique zones (flowering plants)  
Considerations for other tools/steps: Regional union files used to generate look-ups; species location files can’t change without updating all files used for the overlap
Description: Union composite used for co-occurrence combined with additional GIS data used apply usage for a given chemical into the overlap results. Additional dataset loaded into the union composite include but not limited to states boundaries, HUC2, habitat, or elevation. New input files with unique zones that include all datasets are generated and with new look-up tables. 
See in-line comment for additional details on additional parameterization.
The integrity of indentation, wrapping, and comment symbology (#) should be carefully reviewed when working with these python scripts. All paths to input data and output locations are relative and need updating. 
Example input tables, outlining the require format and structure are provided with the tool documentation. 
See flow diagram Co-occurrence Inputs-Species-Use and Supporting Table for a depiction of this process.
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[bookmark: _Toc33397909]List of Scripts- Previous steps with an output look-up tables generated 
2_ ExportLookupTable_FromInterID.py 
– Generates zone look-up table for vector files
4_ ExportLookupTable_FromCombine.py 
– Generates zone look-up table for raster files
Step6_AcresTableByRegion.py 
– Generates the acres table for each species by regions based on vector files.
Step7_ Acres_based_onPixel.py
– Generates the acres table for each species by regions based on raster files.
Step7_L48_NL48_Both.py
–Assigns species  L48, NL48 or both regions 

Final Output: Species Zone-Lookup tables; Area of Species Location by Regions, Species by Region
Goal: Generate species look-up tables from the unioned composite used in the GIS analysis.  Look-up tables include the species found in each unique zone to species location, area of species location by region, and a list of regions for each species.
Original Datasets: Projection files for each region
Processed Datasets: 
· Merged Composite Species Files by Group- python tool: Generate Supporting Tables for Overlap
· Union Composite Species Files by Group- python tool: Generate Spatial Files for Overlap – Species
Considerations for other tools/steps: The tables are used for the overlap calculations.  The zone look-up files are generated based on the input overlap files, individual species location and overlap files cannot change after generating these tables. 
Description: There are several scripts used to generate the species input spatial files needed for the GIS analysis; they also generate several look-up tables used by tools later in the process . 
· Generate Supporting Tables for Overlap
· Generate Spatial Files for Overlap – Species
The tables generated at the end of the Generate Supporting Tables for Overlap included Species Acres table by Region, and the species regional categorization. Acres for the regional portion of the location files are calculated using the regional projections. Regional projections were chosen to minimize distortion to area. All projection files were downloaded from ArcGIS 10.7 as .prj files.  The total NL48 area for a species is equal to the sum of the acres for all pertinent NL48 regions.  The total area for the location files is also calculated using Web Mercator (WGS 1984 Web Mercator (auxiliary sphere.prj) for reference.  
See in-line comment for additional details on additional parameterization.
The integrity of indentation, wrapping, and comment symbology (#) should be carefully reviewed when working with these python scripts. All paths to input data and output locations are relative and need updating.
Example input tables, outlining the require format and structure are provided with the tool documentation. 
See flow diagram Co-occurrence Inputs-Species-Use and Supporting Table for a depiction of this process. Species Look-up tables use later in workflow highlighted by red box. 
In these diagrams the dashed box is an individual workflow or tool. Blue boxes represent original data, green boxes processed data output from one of the ESA-BE tools, orange boxes highlight specific steps from a tool and yellow boxes indicate a review process.  
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Flow Diagram- Co-occurrence Inputs-Species-Use and Supporting Table–Species Look-up tables highlighted by red box
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