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[bookmark: _Toc34320980]Background
This document provides background information and guidance on how to run the Chemical Independent Co-occurrence Results-Parent Use Overlap Tables tool; a series of 3 scripts.  
[bookmark: _Hlk32431825]The Chemical Independent Co-occurrence Results-Parent Use Overlap Tables tool executes the overlap runs using the species input files from the Co-occurrence Inputs-Species tool.  The input files for all species ranges or critical habitat location are summarized to unique zones, with each unique zones containing a suite of species. Figure 1 provides an example of how a species file is broken into zone when multiple species overlap each other and therefore occur in the same location. By running the co-occurrence analysis using these unique zones a given location is only run once significntly decreasing total processing time. 
In additional to the overlapping species location, other spatial information can be loaded into the species input file for consideration in the final results. Examples of this supplemental information includes but is not limited to county/state boundaries to incorporate usage information, HUC2 boundaries,  habitat or elevation layers to account suitable habit within the species range. See the documentation for Co-occurrence Inputs-Species tool for additional details. 
[image: ][image: ][image: ]
Figure 1. Example of species range represented by zones used as the input for the co-occurrence analysis.
The overlap is batched by species group, UDL, and region using, Step1_Species_Use_TabulateArea.py. The initial results of the tool reports the overlap based on the UDL for each unique zones at each drift interval included in the UDL. The ESRI ArcGIS Euclidean Distance[footnoteRef:1] tool is executed on all UDLs and the action area to account for drift in all directions from the potential use sites in the UDL. See the tool documentation for Generating Use Data Layers for additional details on the Euclidean distance tool use to estimate the off-site transport related to spray drift. [1:  https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/euclidean-distance.htm] 

At a minimum the unique zones will contain a suite of species and may also contain the supplemental spatial information loaded into the input file using the Co-occurrence Inputs-Species Locations tool, see associated tool documentation for additional details. 
The last step of this tool transforms the zone based outputs so they are summarized by species EntityID. These final output are chemical independent and remain static until the species location information or UDLs are updated. 
If supplemental spatial information was included into the zones, such as HUC 2s, states or counties for usage, or habitat, it can also be extracted from the raw output using the associated zone look-up tables to identify the desired combination. Typically, chemical dependent information, such as usage, is incorporated with the Chemical Dependent Co-occurrence Result tool, and species life history information such as suitable habitat can be incorporated into the static/stage chemical independent results. Table 1 provides example rows of a zone look-up table. The number of columns in these look-up tables is dependent on the number of supplemental data sources added by the user.  
[bookmark: _GoBack]In Table 1, species, political boundaries, HUC-2 boundaries and habitat information have been unioned together to generate unique zones. Each unique combination of the different dataset results in an individual zone. The final zone identifier is found in the VALUE column and represents the unique combination of input values. The bottom row of the table provides a descriptor of the information found in each column. Each ID column provides a unique identifier for the source dataset, with more descriptive information from the input data source provided in the final 4 columns to the right. In this example, if the suitable habitat was limited to 508 and 509 the overlap results could be limited to just those two zones. 
Table 1. Example rows from a zone look-up table used to supplemental information into the co-occurrence analysis and summarize results to species.
	VALUE
	HUC ID
	Political Boundary ID
	Species Zone ID
	Habitat  ID
	GEOID
	HUC2_AB
	STUSPS
	EntityID

	4687
	15506
	13818
	34
	509
	53073
	17a
	WA
	4296

	873205
	15506
	13818
	34
	578
	53073
	17a
	WA
	4296

	15877
	15506
	13818
	34
	508
	53073
	17a
	WA
	4296

	22365
	15506
	13818
	34
	510
	53073
	17a
	WA
	4296

	Final Zone ID
	HUC 2 Zone ID
	Political Boundary  Zone ID
	Species Zone ID
	Habitat Values
	County FIPS Code
	HUC 2 Number
	State
	Species EntityID



There are several steps taken in the second script, Step2_Summarize_bySp_With_SupplementInfo.py,  to transform the initial overlap results based on these zones so it is summarized by species.  This initial zone base output is generated by ESRI’s Tabulate Area Tool[footnoteRef:2], and reports the area in meters squared of the UDL found in each zone at each drift increments. The area unit is set the area unit of the UDL.  [2:  https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/tabulate-area.htm] 

Pandas is used Step2_Summarize_bySp_With_SupplementInfo.py to apply the supplemental information to the overlap and summarize results to the species.  See in-line comments found in the script for additional guidance on this process. 
Example input tables used to summarize overlap based on suitable habitat can be found with the tool documentation. 
Step3_RunOverlap_usage_boundaries_TabulateArea.py, uses ESRI’s Tabulate Area Tool to calculate the overlap for each UDL found in each county and state. The output of this tools provides the area, in meters squared, of each UDL found in each county and state. This information is used to incorporate the pesticide usage information in the Chemical Dependent Co-occurrence Result tool. No additional transformation is needed for these results.
This tool requires the ArcGIS version of Python 2.7, 64 bit, with Arcpy, Arcpy.sa, Pandas and Numpy modules imported.
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.  
[bookmark: _Toc34320981]Tool – Chemical Independent Co-occurrence Results-Parent Use Overlap Tables Chemical Independent Results– Python Process (Run Overlap)
[bookmark: _Toc34320982]List of Scripts- Generate Supporting Tables for Overlap

Step1_Species_Use_TabulateArea.py
-Runs the Tabulate area for all of the species location input files across all regions

Step2_Summarize_bySp_With_SupplementInfo.py
-Summarizes zonal output to species out for each UDL and incorporates supplemental information.  Aquatic output based on HUC 2 is also generated for each UDL. See the in-line comments for parameters related to running supplemented information like habitat.

Step3_RunOverlap_usage_boundaries_TabulateArea.py
- Summarizes tabulate area output for each state and county and each UDL. Area is in metered squared. This information is used by Chemical Dependent Co-occurrence Results tools to incorporate usage output.

Final output: Staged overlap results for each UDL - species results for each UDL by region 
Goal: Overlap result for all species UDL combinations by region
Original datasets: Political boundaries, Other supplemental spatial data
Processed datasets: Unioned species input files, UDL Spatial Library, Snap Rasters
Time consideration – CONUS and AK runtimes = 1.5 -8 hours per use/species files  
Considerations for other tools/steps: Root folder must remain the same for all runs
Description: Tool will run tabulate area to calculate the area of a Use Data Layer found in each species zone or political boundary.  Spatial inputs for this tool are generated by the Co-occurrence Inputs-Species tool. For the species overlap, multiple regions can be run at one time by running multiple instances of python; CONUS and AK regions take the longest time to complete. After completing the runs for all UDLs results can be transformed so the final tables are summarized by species and not zone. Additional spatial data can be added to the species input files at the user’s discretion. Political boundaries are also run for consideration in usage calculations.
 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. Output directory structure is set by the tool and needs to be maintained for all three scripts in this tool and for the Chemical Dependent Co-occurrence Result tool. Input file structure is recommended but can be adjusted by the user as needed.  
Example input tables, outlining the require format and structure are provided with the tool documentation. 
ESRI tools used: Tabulate area 
See flow diagram Chemical Independent Co-occurrence Results-Parent Use Overlap Tables for a depiction of this process.
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Flow Diagram– Chemical Independent Co-occurrence Results-Parent Use Overlap Tables
[image: ]
image1.jpeg




image2.jpeg




image3.emf
Legend

Species Range

Species Range by Zone

Zone 1

Zone 2

Zone 3

Zone 4

Zone 5

Zone 6

Zone 7


image4.jpeg
A. Co-occurrence Inputs -Species/Use and Supporting Tables
GIS Data

Updated Use Data

Unioned Species Files
Layer (UDLs) Libraries

by Region; Political Political Boundaries

Snap Rasters for UDLs
(Us Census)

Boundary , HUC2, by Region (EPA)
Habitat

Run Overlap for
Species Location by
Region — Tabulate
Area

Run Overlap Political
Boundaries— Tabulate
Area

A. Co-occurrence Inputs -
Species/Use and Supporting
Tables

Staged Overlap Results

Z look-up tabls A
R R TS B. Chemical Independent Co-occurrence Results

Species, Habitat,
Overlap Results By
UDL, Region, State,

HuC2

Chemical UDL
Lookup

Total Species Area
By Region

Political Boundary
Overlap Results By UDL
and Region

Species, Overlap
Results By UDL, Region

State, HUC 2 @B Original Dataset
B Processed Dataset
[ Process (Python)
[ Process (Other)





