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[bookmark: _Toc279001876]Introduction
Seaside communities from Humboldt, CA to southern British Columbia, Canada, are at risk from tsunamis generated by “near-field” earthquakes along the Cascadia subduction zone.  In the case of a near-shore earthquake of magnitude 8.0 or greater, residents, employees, and tourists in low-lying areas may have only 20 to 30 minutes to evacuate to elevations of at least 10 meters before the arrival of the first tsunami wave. Evacuations are expected to be on foot because of time limitations and infrastructure damage. 

Current time surface generation requires multiple inputs, overlays, and calculations that are time consuming and involve many steps.  The lack of automation has prevented time surfaces from being used to help the public visualize evacuation scenarios at community meetings. This paper introduces a prototype tool that incorporates and automates the steps required to produce time surface maps of pedestrian evacuation times and population counts for six different walking and running speeds.  
[bookmark: _Toc279001877]Purpose and Scope
An ArcGIS toolbox called Evacuation Potential Assessment Tool (EPAT) was developed to enhance the functionality of ArcMap by automating the process of producing a Least Evacuation Time Surface (LETS) layer.  EPAT is based on previous Least Cost Distance research by Matt Schmidtlein (2010) and combines an inundation layer, elevation, and land cover into one automated process. It also incorporates the use of dasymetric modeling of resident and non-resident population to determine counts of population at various travel times to safety.  The prototype is intended for use by researchers but was designed as a flexible and adaptable tool that could be enhanced for future use in public meetings.  

This report reviews the methodology behind the tool creation and provides directions and explanations for tool processes from installation to results.  EPAT incorporates the multiple data sources into two automated steps. Automating the LETS process is the first step towards successful on-the-fly operation at public meetings. 

EPAT was developed to meet the following objectives:
· Automate evacuation modeling procedures to help inform local decision making. 
· Assist researchers by automating the steps needed to preprocess data for public meetings. 
· Calculate the amount of time it will take a person to reach safety from any spot in the study area and determine the number of people at various travel times to safety.
· Allow users to vary the travel speed in order to see the effect on travel times and population numbers.
· Produce a time map containing the Least Evacuation Time Surface within the study area and generate tabular data containing information on various populations and their travel times to safety.
[bookmark: _Toc279001878]Case Study – Long Beach, Washington
This study will focus on the Long Beach peninsula south to the Columbia River in Pacific County on the southern coast of Washington State.  The communities on the Long Beach peninsula are of particular interest for tsunami evacuation research because the nearest naturally-occurring safe zone is miles away in most cases, which will make it difficult for a pedestrian to evacuate to the safe zone within 30 minutes. 
Decision makers want to determine the best location for elevated tsunami evacuation structures, such as engineered berms.  In order to make a decision regarding safe zones, managers need to know how long it will take the population, which varies in mobility and residency, to reach the safe zone. A LETS layer will provide decision makers and researchers the ability to view and analyze the results of their various scenarios in a fast and simple process. 
[bookmark: _Toc279001879]Methodology
EPAT was built as an ArcGIS 9.3.1 geoprocessing toolbox containing custom-built tools to meet the objectives.  The toolbox is an ideal format because it can be sent as a compressed file then loaded directly into the toolbox frame in ArcMap or loaded as a default toolbox in ArcCatalog.  The toolbox format allows more flexibility for future developments and enhancements to the prototype. The tools are a set of Python scripts added to the EPAT toolbox and enabled as custom geoprocessing tools.  

Development in Python is fast and modification is easy, providing an ideal environment for exploration and refinement towards a final product. Individual tools can be linked together into larger tools, and any tool in a toolbox can be included in a stand-alone extension. The EPAT toolbox can later form the basis of a more formal stand-alone tool for community distribution.  Results were chosen to display within the ArcMap window for further spatial analysis or layout options customized for each use.  

EPAT processing is divided into two parts: preprocessing of all data layers, and calculation of distance and time surfaces (fig. 1).  The Preprocessing All Data step takes each input layer in turn and first compares the coordinate system with the study area’s coordinate system.  If the two are not the same, the input layer is projected to the same coordinate system as the study area.  If the input layer is a raster, its cell size is then compared with the analysis cell size specified in the tool input window.  If the cell sizes are not the same, the input raster is either sampled or aggregated to match the analysis cell size.  Finally, the input layers are either clipped to or masked by the study area and, if a feature class, converted to a raster.  The safe zone processing contains additional steps to identify pixels within the study area that are not within the inundation area.  The NLCD raster also receives additional processing to merge with the roads layer and reclassify according to the values in the speed conversion table.

The second step in EPAT processing uses the Path Distance tool to produce the least cost path surface, multiplies this raster by the inverse of the base evacuation speed to produce the least evacuation time surface, and then groups this surface into time intervals to produce the travel times to safety surface.  This final surface is compared against the population layers to determine the population counts at various travel times to safety.  The time map surface and these population counts and travel times in tabular form are the final products of the EPAT tool.  
[bookmark: _Toc279001880]EPAT Processing Diagram
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[bookmark: _Toc279001468]Figure 1. EPAT processing diagram.

[bookmark: _Toc279001881]EPAT Toolbox 
[bookmark: _Toc279001882]Overview
EPAT operates within the ARC 9.3.1 environment. The tool requires that Python 2.5 be installed on the users’ computer. Python is available free with ArcGIS or can be downloaded from www.python.org.

The tool automates the processing of data to create time zone maps. The outcome is a raster image of the time zones available in five and ten minute increments. The tool requires the user to have intimate knowledge of data layers field requirements in order to choose the correct fields to process.  Processing times range from 3-5 minutes
[bookmark: _Toc279001883]Load EPAT in ArcGIS
Download and decompress the EPAT zip file from the ftp site. The following 7 folders are contained in the zip file and are required for successful use of EPAT (fig.2).
	EPAT_tools – contains all EPAT-related folders and data.  Place this folder with all its contents in any standard folder location.
Data_files – contains the data files used for processing. The user may also navigate to any folder that contains the required inputs. 
Documentation – tool scripts documentation for future enhancements.
Results – results produced after running EPAT are automatically added to the results folder.
Scratch – this folder operates like any other scratch folder in ArcGIS by storing intermediate files created during tool implementation.
Scripts – holds the scripts used within the toolbox to perform the processing.
Workspace – layers used by other tools or of significant interest are stored in this folder.  The tools go to this folder to look for preprocessed data to use in further analysis.
EPAT – the toolbox to load into ArcGIS. All tools required for processing are already in the toolbox.


[bookmark: _Toc279001469]Figure 2. Folders located inside the EPAT zip file.

The EPAT toolbox may be added to ArcGIS via ArcCatalog or ArcMap. Adding the toolbox via ArcCatalog will enable the EPAT toolbox to be part of the default ArcGIS tool set and therefore available for use at any time in any open map.  Adding the toolbox via ArcMap allows for use and visibility of the toolbox on an as-needed basis.  The following sections provide directions for installation by both methods. 
[bookmark: _Toc279001884]Add EPAT via ArcCatalog
Open ArcCatalog and navigate to the folder with the EPAT toolbox. Right click on the toolbox and choose Add to ArcToolbox (fig. 3). 


[bookmark: _Toc279001470]Figure 3. Add EPAT toolbox to ArcGIS via ArcCatalog.

The EPAT tool will appear as part of the ArcToolbox collection. Right click the ArcToolbox folder and choose “Save Settings” then “To Default” (fig. 4). The toolbox will now be included as one of the default toolboxes in ArcMap.  The toolbox can be deleted from the toolbox list in ArcCatalog at any time but will remain in the original folder.


[bookmark: _Toc279001471]Figure 4. Save ArcToolbox "to default" in order to make EPAT a default toolbox.
[bookmark: _Toc279001885]Add EPAT via ArcMap
Right click on ArcToolbox in ArcMap and choose Add Toolbox (fig. 5).


[bookmark: _Toc279001472]Figure 5. Add EPAT via ArcMap for use on an as-needed basis.

Navigate to the EPAT toolbox in the EPAT_tools folder and open (fig. 6.).


[bookmark: _Toc279001473]Figure 6. Choose the EPAT toolbox from the decompressed zip file.
The toolbox is now ready for use in ArcMap.  As mentioned earlier, the toolbox will not remain in ArcMap after closing unless the map is saved.  Two tools (scripts) are available within the toolbox (fig. 7). 


[bookmark: _Toc279001474]Figure 7. EPAT is added to ArcMap and ready for use.
[bookmark: _Toc279001886]Operating the Tool
EPAT simplifies LETS output by performing all processing in two easy steps. Each step is contained in a script or “tool” within the toolbox. The first step is to preprocess the input layers with the Preprocess All Data script. The second step creates the evacuation time surface using the Calculate Evacuation Time Map script. The user then adds the output to ArcMap to view the LETS output and views the population time counts in Excel. The following sections explain each step in more detail.
[bookmark: _Toc279001887]Preprocess All Data
Preprocessing actions include projecting to the study area coordinate system, sampling or aggregating of raster input layers to match the analysis cell size, and clipping or masking to the study area boundary, based on the twelve input fields (fig 8).  Inputs are chosen via the drop down window if layers are already present in ArcMap or by navigating to a data folder via the browse button.  The preprocessing step is only required once, unless the inputs change for a different scenario.  The results of preprocessing remain in the workspace folder until the user preprocesses new data layers.   

The following list provides descriptions of the twelve required inputs: 

Study Area: The study area that defines the geographic region for processing and final output. All input layers will be projected to this layer’s coordinate system and clipped to the study area boundary.  This is input as a polygon feature class.
Hazard Zone: The hazard zone identifies the tsunami inundation region after a large earthquake.  This is input as a polygon feature class.

Analysis Cell Size: The analysis cell size is the raster cell size used for processing and Least Evacuation Time surface output.   Rasters created from feature classes for analysis will be at this cell size.  The input DEM and NLCD raster layers will either be sampled or aggregated during preprocessing to match this cell size.    A finer resolution produces more detail in the final layer but requires more time to process the data.  The EPAT tool does not place any restrictions on analysis cell size.  Defining an analysis cell size smaller than the input cell sizes of the DEM and NLCD layers produces an output layer with a finer cell size but still with the accuracy of the coarsest input cell size.  Analysis cell size is input as a numerical value.

Roads: The roads layer provides additional travel surface information used in creating the cost surface.  The roads layer is converted to a raster and merged with the NLCD layer during the preprocessing.  This is input as a polyline feature class.

DEM: The DEM is a digital elevation model that covers the study area. The DEM is used as input to the Path Distance tool (Spatial Analyst), providing information about slope and actual distance traveled.  Slope is important because travel times are affected depending on the direction of the slope and travel.  This is input as a raster dataset.

NLCD: The NLCD contains categorical land cover information obtained from the National Land Cover Dataset.   It is merged with the raster version of the roads layer and customized for EPAT during preprocessing.  The NLCD is input as the cost surface to the Path Distance tool (Spatial Analyst), providing information about impedance when moving through a cell.  This is input as a raster dataset.

Resident Population: The resident population layer provides counts of population for local residents throughout the study area.  This is input as a point feature class.

Resident Count Field: This is the field in the resident population attribute table that contains the population counts.  The pull-down menu contains a list of all fields for this layer.  Choose the field that holds the appropriate counts. 

Employee Population: The employee population layer provides counts of population for employees at local businesses throughout the study area.  This is input as a point feature class.

Employee Count Field: This is the field in the employee population attribute table that contains the population counts.  The pull-down menu contains a list of all fields for this layer.  Choose the field that holds the appropriate counts. 

Facilities: The facilities layer contains information on schools, attractions, camps, and other locations that may require special attention during an evacuation.  This layer requires custom reclassification from text descriptions of facilities in the attribute table to a column of coded integer values.  This custom reclassification is not currently part of the EPAT toolbox.  This layer is input as a point feature class.

Facilities Count Field: This is the field in the facilities attribute table that contains the reclassified categories as integer values.  The pull-down menu contains a list of all fields for this layer.  Choose the field that holds the appropriate categorization. 

EPAT expects the following categorization:
1	Camps/Overnight accommodations
2	Schools/Child day care facilities
3	Medical services/Residential care facilities
4	Attractions/Religious facilities



[bookmark: _Toc279001475]Figure 8. Preprocess All Data dialog window.

All layers must be included as inputs in order for the preprocessing to occur. Missed layers are indicated with an error message stating the missing inputs (fig. 9).


[bookmark: _Toc279001476]Figure 9. Error received when layers are missing.

After choosing all the input layers, click OK to begin preprocessing.  A preprocessing dialog window will appear and cycle through the processing steps (fig. 10).


[bookmark: _Toc279001477]Figure 10. Preprocessing dialog window shows processing steps.









Successfully preprocessed data will be indicated with a message (fig. 11). 


[bookmark: _Toc279001478]Figure 11. Successful completion of preprocessing.
[bookmark: _Toc279001888]Calculate Evacuation Time
The time surface tool can be run repeatedly for different time calculations and will always use the last preprocessing that occurred, including after closing and opening ArcMap.  Choose one of the six pre-defined speeds for the LETS output (fig. 12). 

Fast Walk –  		1.52 m/sec (5 ft/sec)
Average Walk – 	1.22 m/sec (4 ft/sec)
Slow Walk – 		0.91 m/sec (3 ft/sec)
Fast Run – 		3.85 m/sec (6-minute mile)
Average Run – 	2.68 m/sec (10-minute mile)
Slow Run – 		1.79 m/sec (15-minute mile)


[bookmark: _Toc279001479]Figure 12. Calculate Evacuation Time Map dialog window.
Successful completion of the time surface map is shown in the Calculate Evacuation Time Map dialog window (fig. 13).


[bookmark: _Toc279001480]Figure 13. Completed time surface map processing.
[bookmark: _Toc279001889]Output Files and Symbolization
The 5 and 10-minute increment LETS layers are output to the “results” folder in the EPAT_tools folder.  Use the add data button to add the layers to the ArcMap for further spatial analysis or custom map layouts (fig. 14 and 15).  The 5 minute increment layer is named timemap_5 and the ten minute increment layer is named timemap_10.  The population time counts are saved to the results folder as a .csv file named EPAT_results.csv (fig.14).  The results are split into the counts of each population category by the time it will take to reach safety (fig.16).  It is important to note that the .csv file cannot be open when running Calculate Evacuation Time Map or EPAT will be unable to write to the file and will produce an error message. 

      
[bookmark: _Toc279001481]Figure 14. Add the LETS layers to ArcMap to view and create layouts.


[bookmark: _Toc279001482]Figure 15. LETS layer(s) are ready for layouts in ArcMap.



[bookmark: _Toc279001483]Figure 16. Population time counts categorized by population type and time interval.


[bookmark: _Toc279001890]Tool Processing Considerations

Difficulty Defining Safe Zone from Inundation Area 
Current preprocessing of the safe zone raster works with the inundation layer and the study area layer to identify the locations within the study area that are not within the inundation area.   This method of defining safe locations as “not” inundation locations can lead to spurious safe zone pixels in the final layer.  In particular, this study’s preprocessing produced spurious safe zone pixels under two different conditions: slivers between inundation polygons (fig. 17), and misalignment of study area and inundation polygon boundaries (fig. 18).  Automated preprocessing may not successfully remove spurious pixels for a variety of study areas and inundation zones.  A more reliable solution would be manual definition of the safe zone in advance of processing.  The EPAT tool could be modified to accept pre-defined safe zone polygons instead of inundation polygons.  This modification would produce more reliable automated results for different study areas.


[bookmark: _Toc279001484]Figure 17. Slivers between inundation polygons
[bookmark: _Toc279001485]Figure 18. Misalignment of boundaries

Data Preprocessing Defaults
Geoprocessing tool automation allows the researcher to focus on the tool results and spend less time performing the individual steps required to reach those results.  However, the selection of processing parameters is now also out of the researcher’s reach.  Each geoprocessing step involves a choice of various options such as interpolation method with raster projection or grouping technique with raster aggregation.  In order to make this information accessible, the documentation folder contains files with the geoprocessing calls and selected parameters for each of the tools.  This will hopefully make tool operation more transparent and answer any questions the researcher may have about tool operation.
Varying Resident Population Values

The population conversion from point feature to raster for residents and employees should provide a consistent total population count in either format.  For the employee layer, the total population count of the point feature class (after clipping to the study area) does match the total count in the raster attribute table.  However, the final raster count for the residents varies depending on the cell size.  This outcome is the result of the fractional values used to define population in the resident point feature class.  While the sum of the population count field in the input point feature class is 9008 residents, the sum of the same column after clipping is 9004.783.  The attribute table itself shows most point features with a fractional population value such as 3.3158.  As these fractional values that fall within the area of a single cell are combined and later rounded, the resulting count may be slightly less than the 9004.78 of the original clipped layer.

Raster Conversion of Facilities Layer
 
The population layers for residents, employees, and facilities are converted to rasters at the end of preprocessing using the ArcGIS Point to Raster tool.  This tool provides an option for a method of combining point attributes if more than one point falls within a single cell.    Conversion with the residents and employees layer uses the “SUM” option, which simply adds the values in the input count field.  This provides for inclusion of all population counts in the final raster.  However, the facilities layer is not converting a count of population, but rather counts of different types of facilities.  Since the facility types are coded integer values they cannot be added directly.  Instead, the raster conversion of the facilities layer uses the “MAXIMUM” option, which selects the coded integer with the greatest value when more than one falls within a single cell.  This could cause missing facilities when they are located close together or the analysis cell size is large.  To ensure that all facility counts are retained in the raster layer, the EPAT tool could be modified to extract each type of facility into a separate point layer and then convert to raster with the “SUM” option.  This more accurate level of processing is recommended for the next version of EPAT and would require a more thorough definition of the facilities input layer and a standardization of the categories.

Coding of Facilities Layer
 To achieve the coded integer values for the various facility types in the input layer, a new field was manually added to the facilities shapefile and a custom script written to record the correct code in the new field based on the text facility type.  This script is included in the scripts folder of the tool and can be reused or modified to change the coding values.  The name of the script is reclassPublicFacilities.py, and can be set up as a tool in the toolbox if desired.

Geographic Transformations

The ArcGIS geoprocessing projection tools require specification of a geographic transformation when projecting between different datums.  The EPAT tools use the following transformations as required when preprocessing the input layers.  These transformations were chosen for study areas in the continental United States and North America.

NAD_1983_To_WGS_1984_1 (Canada, Central America, Mexico, and United States (Alaska, CONUS))
NAD_1927_To_WGS_1984_7 (United States – Alaska)
NAD_1927_To_NAD_1983_NADCON (United States - lower 48 states)

Tobler Table and C:/EPATdata Folder

The ArcGIS Path Distance tool uses the Tobler Walking Speed table provided with the test data as the vertical factor parameter during its execution.  The original name of this file is ToblersWalkingSpeedbySlopeTable_reversed.txt.  Due to legacy software in the ArcGIS Spatial Analyst toolset, the name of this file was shortened to Tobler.txt for compatibility with the ArcGIS scripting environment.  Also, Spatial Analyst requires a simplified catalog path to the file which limits the flexibility of the EPAT_tools folder location.  To solve this, the tool creates a folder on the C drive with the name EPATdata and copies the file Tobler.txt from the data_files folder into this new folder.  Once this folder is created and the file is there, the tool will simply access the table during each processing run.  Should the folder get deleted for any reason, the tool will re-create it during the next processing run and again move the file into it.
[bookmark: _Toc279001891]Conclusion
The EPAT tool met the objectives of automating the evacuation modeling procedures to help inform local decision making, assisting researchers by automating the steps to preprocess data for public meetings, calculating the time required for a person to reach safety from any spot in the study area, determining the number of people at various travel times to safety, allowing the user to vary the travel speed to see the effect on travel time and population numbers, and producing a time map and tabular data containing information on various populations and their travel times to safety.  
For successful implementation in public meetings, future enhancements should include the ability to add artificial high ground that can be merged with existing safe zone layer, allow the addition of local knowledge of population clusters and public venues and merge with the existing population layers, and produce automated reports that include a map of population grid, map of evacuation time, travel speed setting, table of results, graphs of results, and brief data dictionary. 
Decision makers require visual and numerical information about the time that various population groups will need for evacuation of low-lying areas to high ground after a near-shore Cascadia earthquake of at least 8.0 in order to decide the best locations for evacuation safe zones. Automating the process of producing Least Evacuation Time Surfaces was the first step toward on-the-fly use for public education and decision making at community meetings. 
[bookmark: _Toc279001892]References
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