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[bookmark: _Toc34670223]Tool – Chemical Dependent Co-occurrence Results-MAGtool Tables
[bookmark: _Toc34670224]Background
This document provides background information and guidance on how to run the Chemical Dependent Co-occurrence Results- MAGtool Tables tool; a series of 10 scripts broken up into 2 steps.
[bookmark: _Hlk32431825]The Chemical Dependent Co-occurrence Results-MAGtool Tables tool generates the tables for the different overlap scenarios used in the MAGtool. Five different overlap scenarios are generated for consideration in the Weight of Evidence. The first is chemical independent and provides results for the species with no chemical or species adjustments to the overlap. This is followed by incorporating the usage data, scaling for redundancy of the UDLs, and then adding species life history information to the overlap results. This tool uses the results Chemical Independent Co-occurrence Results-Parent Use Overlap Tables tool. The final result will present the percent overlap of each pertinent UDL for each species and/or designated critical habitat. This percent overlap metric represents the area of use found in the species range (or critical habitat) divided by the total area of the species file. 
Supplemental information such as HUC 2s, states or counties for usage, and habitat can be incorporated into these summarized species/UDL output tables. This supplemental information is used to create the additional overlap scenarios. The current overlap scenarios consider usage, redundancy, on/off site calls, and as a proof of concept suitable habitat. The different overlap scenarios are considered in different steps of the MAGtool, see the MAGtool documentation for additional detail.
To account for usage of the chemical, the aggregated PCTs and Census of Agriculture are applied to the state and county results to calculate the total treated area for the state. Prior to calculating treated acres, the Census of Agriculture is used to identify counties with no registered uses for the chemical by UDL. The overlap for the UDL in counties with no registered uses is excluded from totals prior to calculating treated area for the state. After removing counties with no registered uses, the remaining area of the UDL is adjusted by the state PCT to calculate the treated area for the state. 
The treated area for the state is used for the upper and lower distribution of the treated area. The treated area is concentrated within the species range (or critical habitat) and the given state for the upper distribution or outside the species range (or critical habitat) and within the given state for the lower distribution. For the uniform distribution, the aggregated PCTs and Census of Agriculture are applied directly to the species results, broken down for a species in a given county and state. See ATTACHMENT 1-3 for details on generating and filtering the Census of Agriculture information.
[bookmark: _Hlk32436564]After calculating the treated area for each state within the species range (or critical habitat), all states are summed to get the total treated area for the species. After applying usage, the total treated area for the species represents the area of overlap for the species and use. This process is completed for all UDLs for a chemical and each of the aggregated PCTs; minimum, maximum and average. For additional detail related to the application of usage see the Revised Method document and APPENDICES 1-7 and 1-8. The Step 1 summary tables and the five overlap scenarios generated by this tool are:
· Step 1 Summary Tables
· Overlap Scenario 1: Unadjusted 
· Overlap Scenario 2: PCT Overlap 
· Overlap Scenario 3:PCT and Redundancy 	
· Overlap  Scenario 4:PCT, Redundancy, Off-site
· Overlap Scenario 5: PCT, Redundancy, Off-site, Habitat (or other supplemental information)
[bookmark: _Hlk520305555]
This tool requires a Python 2.7 install with the 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: _Toc34670225][bookmark: _Hlk33360357]Input/Tool- Tabulate Usage Tables
[bookmark: _Toc34670226]List of Scripts- Tabulate Usage Tables
Step1_AdjustSpeciesbyState_TabArea_CENSUS.py
- Applies the chemical specific, information to the overlap results, this includes the Census of Agriculture mask for counties represented exclusively by unregistered uses, and the aggregated PCTS (max, avg, min) for the chemical by UDL.
Step2_Sum_Uses_byState.py
- Summarizes chemical results by use, all species are found in the single output table for a given UDL. Generates the ‘Parent tables’ for the chemical with summed meter squared area for a species/state/use combo,  includes PCT data and the upper, lower, and uniform treated area for a species/state.
Step3_Species_Drift_intervals_TabArea_POverlap.py
	- Generates the drift interval percent overlap tables by species that includes all UDLs for the	chemical. Drift interval state with on-site, or direct overlap represent by _0, and continue in 30	meter interments up to _1500.
Step4_SummarizeBE.py
-Generates the percent overlap tables that include all UDLs with the direct overlap (_0), ground drift overlap (_300) and aerial overlap (_792) for each species. These summary values are inclusive of each other meaning the _300 results include 0-300 and the _792 results include 0-792.
Step5_RangeArea_HUC2.py
-Generates the species overlap summarized by HUC2 used for aquatic species. 
Step6_MergeHUCTables.py
-Merges the HUC2 overlap for aquatic species to the regional groups – CONUS, NL48. These	tables are used as inputs for the Aquatic MAGtool.

[bookmark: _Toc34670227][bookmark: _Hlk33369879]Tabulate Usage Tables 
Final output: Chemical dependent species results that includes aggregated PCTs and census masks; Aquatic tables overlap tables
Goal: Adds chemical specific information from Census of Agriculture and usage into the results
Original datasets: None
Processed datasets: Staged chemical independent overlap results; look-up tables, acres table, census masks, aggregated PCT tables
Time consideration – All tables converted in about 10 hours
Considerations for other tools/steps: output file structure needs to be followed; column headers are locked in from other part of the analysis. These column header are hard-wired into the MAGtool and need to consistent for the MAGtool to read the tables. See in-line comments for additional details.
Description: Tabulated chemical inputs can be applied by loading the aggregated PCT and Census of Agriculture tables into the co-occurrence results then finalizing the percent overlap calculations. The percent overlap is equal to the total treated area divided by the area of the species file. Two types of parent tables are generated. The first one is broken out by distance intervals in the UDL; summarized to 30-meter increments. In this table the percent overlap represents the single interval. This parent interval table is used to generate the second table, the parent summarized overlap table, where results are broken into three categories: direct overlap (on-site, _0), modeling limit of ground drift (0-1,000 feet or 300 meters-includes direct overlap with use, _300), modeling limit of aerial drift (0-2,600 feet or 792 meters includes direct overlap with use and the area for ground drift, _792). Tool also generates aquatic tables summarized to HUC2 used by the Aquatic MAGtool.  
See in-line comment for additional details on 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 scripts. Input file structure is set by the Chemical Independent Co-Occurrence Results.
Example input tables, outlining the required format and structure are provided with the tool documentation. 
[bookmark: _Toc34670228]Input/Tool Generate Final Chemical Tables 
[bookmark: _Toc34670229]List of Scripts- Generate Final Chemical Tables 
Step1a_Tables_overlap.py
- Generates summary percent overlap tables that includes the action area results used for Step 1. Output includes the direct overlap and drift overlap for ground, aerial or both as identified by the chemical use look-up table.
Step1b_DriftInvervals.py
	- Generates drift tables that includes the action area results used for Step 1. Output	includes the overlap in each 30 meter drift interval.
Step2a_Tables_overlap.py
- Generates summary percent overlap tables that includes results for all UDLs used for Step 2. Output includes the direct overlap and drift overlap for ground, aerial or both as identified by the chemical  use look-up table.
Step2b_DriftInvervals.py
	- Generates drift tables that includes the results for all UDLs used for Step 2. Output	includes the overlap in each 30 meter drift interval.

[bookmark: _Toc34670230]Generate Final Chemical Tables
Final output: Chemical summary tables for MAGtool
Goal: Takes chemical dependent species overlap table and generates the MAGtool tables.
· Step 1 Summary Tables
· Overlap Scenario 1: Unadjusted 
· Overlap Scenario 2: PCT Overlap 
· Overlap Scenario 3:PCT and Redundancy 	
· Overlap  Scenario 4:PCT, Redundancy, Off-site
· Overlap Scenario 5: PCT, Redundancy, Off-site, Habitat (or other supplemental information)

Original Datasets: On/Off site tables, Habitat tables
Processed datasets: Chemical overlap results, look-up tables, acres table
Time consideration – All tables generated in several hours
Considerations for other tools/steps: output file structure needs to be followed; column headers are locked in from other parts of the analysis. These column header are hard-wired into the MAGtool and need to consistent for the MAGtool to read the tables. See in-line comments for additional details. 
Description: Summarizes the chemical percent overlap tables into the format needed for the MAGtool for each of the PCT and treated area distribution assumptions.  This includes direct overlap and drift tables. 
See in-line comment for additional details on 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 scripts. Input file structure is set by the Chemical Independent Co-Occurrence Results.
Example input tables, outlining the required format and structure are provided with the tool documentation. 
See flow diagram- Chemical Dependent Co-occurrence Results-MAGtool Tables for a depiction of this process.
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Flow Diagram- Chemical Dependent Co-occurrence Results-MAGtool Tables
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