Wildfire Evacuation Analysis in the Travis County Wildland Urban Interface
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1. Introduction       
1.1 Summary
The population of Austin, Texas has skyrocketed in recent years, leading it to become one of the fastest growing cities in the nation. The population has grown to the point where it has begun to be too large for the physical size of the city. Austin, and the surrounding areas, have become a hotspot for wildfires in the last decade, due to the weather conditions in this area of Texas and the lack of rainfall in the area. With the population growth Austin has seen, this has become an even greater risk to the citizens.  Flame Consulting will team up with the Austin Fire Department (AFD) Wildfire Division to provide fire evacuation planning for Travis County by identifying neighborhoods with the highest evacuation risks and the nearest refuge facility to communities that are at risk for wildfire. The data we will be providing will help set the framework for further analysis to plan and model evacuation processes and to identify which risk reduction efforts are most important for the  residents of Austin.

1.2 Purpose
	Flame Consulting will create a map for the City of Austin Fire Department Wildfire Division which will identify wildfire pinch points within Travis County with the dataset provided for us by the AFD. We will also be identifying the communities that contain thirty or more homes, and that have a single access route, (or multiple access routes in the case of access pinch points), that could be at risk for wildfires within their area. Certain places within the Wildland Urban Interface (WUI) are more susceptible than others and, with our research, we will be able to pinpoint these specific places and aid in the evacuation routes needed to assure protection and safety in case of an wildfire emergency. The GIS Analysts of Flame Consulting will provide the Wildfire Division with the foundation work for evacuation planning and evacuation modeling so the residents of Travis County will have an evacuation plan without flaws. 

1.3 Scope
This project will cover the majority of Travis County. Based off of the specifications of Nate Casebeer, of the Austin Fire Department, we will focus our analysis of wildfire pinch points and at-risk communities solely in the Wildland Urban Interface (WUI - as seen in Figure 1), where manmade environments intermingle with the natural environment. The combination of these two entities can be very problematic as residential areas can be at risk to wildfires due to the dense vegetation that homes are built in. Along with the Travis County WUI, we will also be utilizing the Austin urban core region which can also be found in Figure 1. However, we will only be using this region for network analysis, as the negation of the urban core network would cause the network to be incomplete and dysfunctional for our purposes.	
[image: ]
Figure 1. Scope map of the Travis County WUI


2. Literature Review
In 2012, 6,228 wildfires burned 106,569 acres in Texas- destroying over 100 buildings/structures (Stambaugh et al., 2017). In 2011, wildfires in Bastrop county, Texas burned 34,000 acres, destroyed 1,600 homes, and took the lives of 2 people (Nox, 2015). In 2013-14, 85% of wildfires in Texas were within 2 miles of residential areas, increasing the odds of a fire causing damage to homes and other human structures. The wildland urban interface is a key location for wildfire modeling due to the high potential of fires to harm human lives and property (Coder, 2012). Labossiere and McGee (2017) say that wildfires have relatively recently increased in severity and frequency in Canada, the US, and “many other countries”. Elia et al. (2014) agree, describing the increasing intensity of wildfires in Italy and all over Europe. Clearly, wildfires are a major issue that is only reaching new critical heights both here in Texas and all over the world. Statistics describe how destructive wildfires can be, and the widespread populations they affect. Homeowners can reduce their risk of wildfire damage by committing to certain mitigation techniques, such as using non-flammable building materials and reducing vegetation density near the home. However, many homeowners choose not to mitigate, for a variety of reasons. Central Texas is particularly prone to wildfires for several reasons, including the types of vegetation and the increasing population density in the wildland urban interface (Nox, 2015).
Since the 1920s, wildfire frequency in Texas has actually decreased significantly in correlation with cultural and land use changes. That may seem like a good thing, but the state of Texas has actually seen long-term negative effects due to the changes in natural wildfire patterns. According to Stambaugh et al. (2017), the decrease in fire activity is an underlying cause of major changes in vegetation, resulting in increased fuel loads and a decrease in fire-resistant plants. Another cause of the recent increase in wildfire severity is the increasing population density in wildland areas. Nox (2015) and Olsen et al. (2017) studied the populations living in the wildland urban interface, who choose to engage in mitigation activities, and why or why not. Olsen et al. (2017) found that homeowners’ risk perceptions are positively correlated with actual hazardous conditions and actual probability of wildfire. Mitigation behaviors, however, are weakly correlated with hazardous conditions and wildfire intensity. Nox’s 2015 study found that personal attitude and social norm were the main parameters that convince those surveyed to mitigate.  
A critical solution to the wildfire problem in wildland urban interfaces around the world is engaging in mitigation techniques, by both private and public entities (Nox, 2015; Labossiere et al., 2017). Private mitigation techniques would be used primarily by homeowners and business owners in wildfire-prone areas. Techniques include use of non-flammable building materials, clearing gutters of potential fuels such as leaves, needles, and branches, keeping live tree limbs trimmed at least 10 feet from homes, and keeping dead vegetation cleared within at least 30 feet of homes (Nox, 2015). Municipal governments and interest groups are encouraged to support public mitigation techniques, including both physical and social techniques such as: forest thinning, prescribed burning, land use planning, providing education on the topic, and emergency preparation (Labossiere et al., 2017). Labossiere et al. (2017) found that public support and adequate funding are critical to the success of hazard mitigation plans by municipal governments. Additionally, they found that recent hazard events (such as the 2011 Bastrop wildfires) provide a “window of opportunity,” in which increased public awareness and support assist the implementation of wildfire mitigation activities. Elia et al. suggest developing a “Spatial Allocation Index,” in which private or public entities would prioritize fuel removal in different areas. They state that an effective method of decreasing the severity of wildfires is to remove potential fuels from areas that may be prioritized in terms of population density, number of homes or other structures, and the number of potential escape routes (Elia et al., 2014). This would certainly include the limited-access communities located in the central Texas wildland-urban interface. 
 In addition to mitigation techniques, there are GIS approaches to wildfire behavior modeling which help prevent the destruction affiliated with these natural disasters by predicting where fires are likely to burn and with what intensity. One of the most important parameters for wildfire behavior modeling is fuel calculations (Coder, 2012). They also happen to be very difficult to quantify and describe. Coder (2012) found that the most important parameter to consider is moisture of live vegetation. Many GIS analysts and algorithms consider only dead fuel. 




3. Proposal
3.1 Data
	The data outlined in Table 1 will be used to perform our analysis. We collected all of our data straight from AFD - Wildfire Division, except for the Travis County Roads feature class, which was obtained from the City of Austin Open Data Portal. All of our data is projected in the NAD 1983 Texas State Plane Central coordinate system. We will manipulate this data and perform our analysis in the ArcGIS software suite, and make it aesthetically pleasing using Adobe Illustrator.
Table 1. Master data list
	Entity
	Attributes
	Spatial Object
	Status
	Source

	WUI
	none
	Polygon
	Available
	AFD - Wildfire Division

	Roads
	full_stree, road_class 
	Line
	Available
	City of Austin

	Vegetation Hazard
	none
	Raster
	Available
	AFD - Wildfire Division

	Verified Emergency Shelter
	Name, Address
	Point
	Available
	AFD - Wildfire Division



	

3.2 Methodology
We have received some data from our client – a shapefile for the Wildlife Urban Interface (WUI), Vegetation Hazards, and Verified Emergency Shelters. To this data we have added roads, which we will further process.
Drawing research on road widths from the transportation master plans from each city we have determined road widths are approximately the same for each city (within 3-5 feet) and will standardize the widths by taking the average for each class. Each road class will then be broken down into its own layer.
Once the road widths are determined, we can figure out the pinch points. We will create a 30-meter buffer on both sides of the road for each road layer. Then we will identify the places where the vegetation hazard (or the “flame-lengths”) overlaps at least half the width of the road. These areas will be clipped and merged into a single line shapefile layer which will be labeled as Wildfire Pinch Points.
Next, we will visually assess the neighborhoods within the WUI to determine at-risk neighborhoods. Viewing the access routes, we will observe them to ascertain which ones have limited ingress and egress, defined by the client to be a neighborhood with ‘a single access route (with or without wildfire pinch points), or multiple access routes where only a single access route is uninhibited by wildfire pinch points.’
Using the Find Closest Facility Network Analysis tool, we will create the Community Refuge Area (CRA) service areas. After determining which neighborhoods are nearest to which refuge facilities, we will be able to create the service areas. In addition, we will create a stacked buffer around each community refuge facility to visualize incremental accessibility based on travel time. We have the data for the refuge locations, and time permitting, will also locate and add high-risk, vulnerable institutions (nursing homes and daycares) within the WUI to the map. 
This data will be used as an aid in evacuations and response times for wildfires within the WUI. Having this kind of data available in times of crisis will make evacuations of high-risk areas as smooth and rapid as possible. This will free up critical roads for emergency vehicles and allow emergency personnel to respond to threats and fires in a much more timely and precise manner. GIS layers like these are crucial foundational work to have in place before an emergency, and can make a critical difference in the time and speed needed once an emergency strikes.
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Figure 2. Flow chart displaying our workflow



3.3 Budget

Table 2. Budget divided into salary and equipment
	 
	BUDGET
	 

	Project Manager
	Total Hours (10 hrs/ week for 15 weeks)
	 150

	 
	Hourly Pay
	 $30

	                                   	
	Sub Total
	 $4,500

	GIS Analyst         	
	Total Hours (10 hrs/ week for 15 weeks)
4 Analyst
	 150

	 
	Hourly Pay
	 $25

	
	Sub Total
	$15,000

	 
	Total
	$19,500

	 
	EQUIPMENT/ SOFTWARE
	 

	Computers  		
	Electronic fee: $50
Lab fee: $25
5 computers
	 $375

	Adobe Illustrator
	 $19.99 per month x 2 months
	 $39.98

	ArcGIS
	 $400 per month for 4 months 
	 $1600

	 
	Total
	 $2,014.98

	
	TOTAL PROJECT COST
	$21,514.98


3.4 Timetable

Table 3. Project timeline visualization
	WEEK
	ACTIVITY

	Week 1 (Jan. 22nd)
	Introduction to Project

	Week 2 (Jan. 29th)
	First Client Visit, Project Visualization

	Weeks 3 & 4 (Feb. 5th & 12th)
	Proposal Writing

	Week 5 (Feb. 19th)
	Finish Writing Proposal, Rehearse Proposal Presentation

	Week 6 (Feb. 26th)
	Second Client Visit, Proposal Presentation

	Weeks 7 & 8 (Mar. 5th & 12th)
	GIS Digitization and Pre-Processing

	Week 9 (Mar. 19th)
	Finish GIS Digitization and Pre-Processing, Rehearse Progress Report Presentation

	Week 10 (Mar. 26th)
	Third Client Visit, Progress Report Presentation

	Weeks 11 & 12 (Apr. 2nd & Apr. 9th)
	GIS Analysis and Interpretation

	Week 13 (Apr. 16th)
	Finish GIS Analysis and Interpretation, Create Final Map Poster and Website

	Week 14 (Apr. 23rd)
	Finish and Submit Deliverables, Rehearse Final Presentation

	Week 15 (Apr. 30th)
	Fourth Client Visit, Final Presentation














3.5 Final Deliverables
At the conclusion of this project, Flame Consulting will provide the Wildfire Division of the Austin Fire Department with:

· Project Proposal
· Progress Report
· Detailed Final Report (2 copies including a record of all processes and methods utilized while working on the project and a summary of findings with ideas for further related research)
· Professional Map Poster for display in the Geography Department
· CD (2 copies) containing:
· Map Poster
· Final Report
· PowerPoint Presentation Slides
· Derived GIS feature classes (wildfire pinch points, at-risk communities, community refuge service areas, and vulnerable locations within the wildland urban interface) with suitable attributes and symbology
· Instructions on how to use the CD (Readme file)

3.6 Conclusion
	Flame Consulting will provide the Austin Fire Department Wildfire Division with a map identifying the wildfire pinch points in the Wildland Urban Interface (WUI). The GIS Analysts will find the most vulnerable places within the WUI, and use that data to help lay the foundation for an evacuation map for Travis County. With the methodology being used by Flame Consulting, we feel as if we have the right amount of data to be able to provide the Wildfire Division with the right map for their city. With Austin growing as fast as it is, it is important to be able to have a proficient evacuation plan for the city. The map we are providing is pertinent for laying down the framework for future planning which will aid the evacuation effort, leading to the safety of the families of Austin.
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Jade Gonzaba: Summary, Purpose, Conclusion
Catherine Hodde-Pierce: Methodology/Flow Chart, Formatting/Editing
Bradley Johnson: Group Manager, Scope, Data, Timetable, Final Deliverables,               
                             Formatting/Editing 
Corinne Kimper: Research, Literature Review
Dereion Toussaint: Logo Design, Scope Map, Budget 
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