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1.1 Abstract        	
Due to the dramatic growth of the population within Travis County, wildfire mitigation has been a key focus for the city of Austin. Flame Consulting teamed up with the Austin Fire Department Wildfire Division and Steven Casebeer, their Geographic Information Systems (GIS) Analyst, to identify areas within the Wildland Urban Interface (WUI) that are at risk to wildfires and locating the nearest refuge facilities to those affected. These areas consisted of neighborhoods, daycares, and assisted living facilities. Flame Consulting identified pinch points, (areas where the flame length potential would exceed more than half of the road width, causing routes to be impassable in the event of a wildfire), at-risk communities, community refuge areas, and vulnerable facilities. The data provided 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 Introduction and Problem Statement
 	The population of Austin, Texas has skyrocketed in recent years, topping the list of the fastest growing cities in the nation, according to Forbes Magazine’s annual list of growing cities. Austin and the surrounding areas have become a hotspot for wildfires in the last decade.  Due to the weather conditions in this region and the growing density of areas where man-made features intertwine with vegetation, the risk of wildfires and the need for evacuation planning is increasing. Flame Consulting will create maps for the City of Austin Fire Department Wildfire Division which will identify wildfire pinch points within Travis County. We will also define all neighborhoods in Travis county containing at least 30 homes and those that have a single usable access route (due to original planning or because of pinch points on ingress/egress points). 
Based off of the specifications of the GIS Analyst, Nate Casebeer, of the Austin Fire Department, we will focus our analysis of wildfire pinch points and at-risk communities solely in the 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 be utilizing the Austin urban core region which can be found in Figure 1. This project seeks to solve which roads would be deemed inaccessible in the event of a wildfire and locate facilities within the Wildland Urban Interface that would provide an easy evacuation routes to the residents. We predict that there will be a greater risk for neighborhoods that have single access roads, that are surrounded by dense vegetation, and located further away from the main roads. 
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Figure 1. Scope map of the Travis County WUI

2. Data
	The data outline in Table 1 is the data that was used for our GIS analysis. We collected most of our data straight from the Austin Fire Department - Wildfire Division, while we also collected our roads and structures data from the City of Austin; both sources have a high degree of reputability as the data is coming straight from the source of where the problem of wildfire risk lies. We did not have trouble collecting any of our data as it was all available for us without any obstacles. The rest of our data in Table 1 (pinch points, at-risk communities, refuge service areas, and vulnerable locations) were derived by us, Flame Consulting, from the original data that we got from the Austin Fire Department - Wildfire Division and the City of Austin in ArcMap of the ArcGIS software suite. This derived data is the data that we will deliver to the Austin Fire Department-Wildfire Division to assist with their analysis of evacuation in Travis County. All of our data is projected in the NAD 1983 Texas State Plane Central coordinate system.
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

	Travis plus COA
	none
	Polygon
	Available
	AFD - Wildfire Division

	Near Counties
	none
	Polygon
	Available
	AFD - Wildfire Division

	Structures
	FEATURE, Shape_Area
	Polygon
	Available
	City of Austin

	Pinch Points
	Width, road_class,  ClassName, Shape_Length
	Line
	Available
	Flame Consulting

	At-Risk Neighborhoods
	none
	Polygon
	Available
	Flame Consulting

	Refuge Service Areas
	none
	Line
	Available
	Flame Consulting

	Assisted Living
	Name, Address
	Point
	Available
	Flame Consulting

	Childcare Facilities
	Name, Address
	Point
	Available
	Flame Consulting




3. Methodology
	We visualized completing this project in certain steps, as outlined in Figure 2. The first and most crucial step that the rest of our project was based on was identifying the road classes in Travis County. Once the road classes were identified, we could go about working on the pinch points, which are the segments of a road in which the adjacent vegetation hazard flame lengths are half of the width of the road or more. Meanwhile, work was being done to determine communities that are at-risk to wildfire, which can be defined as the neighborhoods in the Travis County WUI that have thirty homes or more and have only a single ingress/egress route that is uninhibited by a pinch point. Once the at-risk communities were finished, we could start work on determining the refuge service areas. Finally, we included a map of the vulnerable locations in Travis County, such as assisted living centers and daycares.

3.1 Road Classes
Road widths were determined by checking the Master Plans for several cities within the WUI. We then took the average for each class. Some of the road classes in our dataset were misidentified, and we were able to pare the roads down to eight classes. We created a comma-separated value (CSV) file with road widths and titles for each road class, joined it to the roads layer, and then created separate layers for each class.

3.1.1 Road Class Problems
The biggest problem that we ran into with the road widths was the lack of standardization. The road widths are not only not standardized across the state, they are not standardized within the cities. While regulations are usually standardized now, historically this has not always been the case. Therefore, within each city you will find a range of widths for each class. Furthermore, road classes are determined by the author of the GIS layer. Road types, such as arterial roads, do have a specified definition, and we were able to use these to determine how to label each class within our study area. Another problem that came up was connector roads. There were several classes of roads within our study area that contained one to five pieces of road only. Through observation we were able to determine that these connected two ends of a road (making it a through road) and were added at a later date. One entire class was added by a different author and were attributed to a class 16, when they should have been a class 6. GIS is 
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Figure 2. Flow chart displaying our workflow

still a new enough field that there are not accepted standards for these things, and this may be an area that will require future study.

3.2 Pinch Points
Regarding the pinch points layer, we first had to go through a process of raster preparation. First, we reclassified the vegetation hazard raster layer, as shown in figure 3, ranging from values 0 to 99.0454 (in feet) into a separate raster for each of our road classes where each raster includes all the flame lengths that are half of the road width or greater. The result of this process was two raster values, 0 and 1. Then, using extract by attributes, we took out our desired raster value of 1 for each road class. After we went through this process, we had to convert each of the vegetation hazard rasters to vector format. Then, we added a buffer to all the roads, 30 meters on each side, in order to capture wildfire risk that is adjacent to the roads. We intersected each of the vector vegetation hazards with their respective buffered road layer. Then we clipped each of the original line road classes to these intersections, resulting in a pinch point layer. 
Once we had each pinch point layer, we merged all of them into a single master pinch point layer (Figure 3) and clipped it to the WUI polygon. Furthermore, we verified that our pinch point layer had the correct attributes while also adding additional attribute fields. Significant attribute fields that we added include road_class, road_width, and class_name. Also, we filtered through and deleted unnecessary attribute fields and fields that had <null> values.
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Figure 3. The original vegetation hazard flame lengths layer

3.3 At-Risk Communities
At-risk communities include neighborhoods in the wildland-urban interface (WUI) that either have only one point of entry/exit, or neighborhoods where pinch points will render exits too dangerous to cross, leaving only one usable point of exit. 
We were given a large dataset comprised of polygons of every structure in Travis County. The data was clipped to include only structures that are in fact buildings (not courtyards or sheds), and that are outside the urban core. We first attempted to complete a buffer around each home to help define groups of homes (aka neighborhoods) as polygons at the client’s suggestion. We started out with a 400-foot buffer, which took about four hours to complete processing. Because the processing took so long, it was decided that before continuing, the size of the dataset should be reduced as much as possible. We decided to do so by specifying square-footage of buildings. We used Select by Attribute to create a layer including only homes with 500 to 9,000 square feet, that are located outside the urban core. It was decided that this would be a generous size range, allowing for very small homes as well as large mansions while hopefully eliminating buildings such as schools and office buildings. After cutting down the amount of data, the 400-foot buffer was reapplied. We then encountered another issue with the polygons: they weren’t individual polygons, but instead one large multi-part polygon. It was then discovered that the simple fix was to uncheck a check-box in the buffer dialog box. The 400-foot buffer was applied one final time. However, after analyzing the results, we decided that the 400-foot buffer made too many large polygons which should have been made separate. So, a 200-foot buffer was applied instead.
After completing the 200-foot buffer and dissolve function to create neighborhood polygons, two of us teamed up to manually check the accuracy of the neighborhoods. It was decided together that 200 feet left too many small polygons which should probably have been connected, so analysts finally settled on a 300-foot buffer. Structure-polygons were converted to points, and the two of us worked together to split up and define neighborhoods in the densely populated central area of Travis county using the Editor toolbar. We also checked small outcrops of neighborhoods toward the outskirts of the county to make sure the polygons accurately reflected actual neighborhoods. After completing the definition of polygons, each analyst spatially joined the home-points and the pinch points to the polygons. We also each executed an Intersect analysis to find where street segments touch the boundaries of neighborhood polygons. This resulted in points designating each ingress/egress point of each neighborhood. After completing all this, the two halves of the map were combined using the Merge tool. 
Next, we spatially joined the points which resulted from the intersect to the polygons. This generated a Count field, summarizing how many intersection points, or ingress/egress points, were in each polygon. We were then able to use Select by Attributes to create a layer including only neighborhoods with one or two exits. Next, we intersected those ingress/egress points with the pinch point segments. This produced our final layer showing which exits are blocked by pinch points. 
 


3.4 Refuge Service Areas
The refuge service areas were provided to us by the Austin Fire Department. Many of the depicted areas were schools, community event centers, and other large facilities that would be able to hold a large population of people. To identify the routes, a network analysis was created, by using a roads shapefile obtained from the City of Austin data portal. Once the network was created, we used the Closest Facility tool to indicate the quickest routes from the at- risk neighborhoods to the service areas. Within our shapefile, egress and ingress points were located on the outside of our at-risk neighborhoods indicating where residents would be able to enter and exit in the event of a wildfire. These points were set as the incidents to which the network would create a route from the exit/entrance points to the refuge service areas. 
 
3.5 Vulnerable Locations
According to our research, vulnerable locations are classified as childcare facilities and assisted living homes in a given area. To identify selected vulnerable facilities within the WUI, we analyzed the surrounding areas within the WUI, then located daycares and assisted living centers by using google maps. After getting all the data we needed from google maps, we compiled all the addresses into a single word document by category “Assisted Living in the WUI by City” and “Daycares in the WUI by City”. Using these addresses, we then entered the physical address of the vulnerable location into the network analysis tool in ArcMap to plot the locations and labeled them by name of the facility so when our client is looking at the map, he knows the name of the selected facility. Additionally, we added the address and name of the facility into the respective attribute table. Finally, we included the vulnerable facilities in a map to visualize where these areas lie.

4. Results and Discussion
4.1 Road Classes
	The following is our table (Table 2) resulting from our outside research on roads and road classes. We identified eight road classes that are different from the road classes described in the shapefile we got from the City of Austin Open Data Portal, so we have included the original class number for clarification. Along with the road class and class name we have also included the road width in feet which was to be used in our raster processing to identify our pinch points. 
	Class
	Original Class
	Description
	Width (feet)

	1
	1
	Major Highway
	112

	2
	2
	Minor Highway
	72

	3
	10
	On/Off Ramps
	36

	4
	4
	Urban Principal Arterial
	72

	5
	5
	Urban Minor Arterial
	48

	6
	6
	Neighborhood Streets
	28

	7
	8
	Neighborhood Main Streets
	37

	8
	15
	Neighborhood Minor Streets
	20



  Table 2. Road classes with description and road width

4.2 Pinch Points
	Because of our analysis, we have found that there are pinch points dispersed all throughout the City of Austin and Travis County. There is a total of 10,925 pinch points in the entirety of Travis County, including the City of Austin city limits, as seen in Figure 4. These 10,925 pinch points add up to a total of 7.886742 miles of pinch points. We have found that the majority of the pinch points are derived from the sixth road class, which accounts for 9,862 of the 10,925 pinch points and 7.726301 miles of the total 7.886742 miles. Road class 6 is neighborhood streets and has a width of 28 feet. Meanwhile, road class 1, which is major highways and has a width of 112 feet, has zero miles of pinch points. This is to be expected as the areas surrounding major highways are highly developed. So, our pinch point data indicates that the road class most at-risk to pinch points are small neighborhood roads, as our pinch point layer is highly concentrated in this road class. Therefore, special attention needs to be paid to small neighborhood roads, as these are the source of the vast majority of the pinch points. However, the other road classes (except for road class 1) cannot be forsaken because, although they do not have as many, they still do have numerous pinch points.
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Figure 4. Pinch points in the Travis County polygon including the entire City of Austin

4.3 At-Risk Communities
	Through our analyses, we were able to identify neighborhoods with only one ingress or egress point (Figure 5), as well as neighborhoods with multiple ingress/egress points which could become blocked by pinch points (Figure 6). Our pinch points are defined as areas in which potential flame lengths would exceed half the width of the road, or in other words locations which would be rendered too dangerous to cross. We found that there are a vast number of these two types of neighborhoods. Many neighborhoods in the WUI were designed and built with only one exit point. This is a major cause for concern which should be addressed in the planning stages of new developments. Having only one exit point for a large neighborhood causes danger in not only the case of wildfire, but any other disaster that may require the need to evacuate quickly. In addition to these single ingress/egress point neighborhoods, we found many neighborhoods which were built with sufficient exit points but become single-access after examining pinch points. It’s important to consider pinch points when planning evacuation and emergency service routes and times, because they truly do affect many neighborhoods within the WUI. They can cause a neighborhood with seemingly plenty of access points to have only one safe exit. This can be even more dangerous than the neighborhoods built with only one exit, as people may not expect to be blocked in and therefore will not take the steps to be prepared. Exits blocked by pinch points may also introduce the danger of people attempting to cross them anyway and causing harm to themselves or their property. 
	For future use, we would recommend a more official version of the neighborhood polygons. Our defined polygons include some in which one street intersects a polygon multiple times. This may have caused a misrepresentation in our analysis of ingress/egress points. We believe that the neighborhoods may have been more accurately defined by planning boards of these neighborhoods. Given more time, we would have been able to define the neighborhood polygons more carefully and more specifically, but it would be more efficient and standardized if they had been defined in the original plans. 	
	We believe that analyses and processing of our final deliverables will be extremely useful to those attempting to define neighborhoods in the future. We also believe that our points of blocked ingress/egress will be advantageous to the definition “more safe” versus “less safe” neighborhoods in the future. 
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     Figure 5. All neighborhoods within the WUI.
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    Figure 6. At-Risk Neighborhoods in the Travis County WUI

4.4 Refuge Service Areas
Within the WUI, several routes were created from the neighborhoods to the refuge service areas (Figure 7). Our results show, that many of the service areas will not be necessary due to the location and the duration it takes to get to the destination. Many of the routes merged, which in a real-life situation would cause many problems to due to traffic and a high density of people going to one place. Overall, in the event of a wildfire, residents of Travis County will have multiple routes and refuge facilities to choose from.
  [image: ]
Figure 7. Evacuation Routes to Refuge Service Areas

4.5 Vulnerable Locations
	After finding the locations for the vulnerable locations and putting them in the Network Analysis tool in ArcGIS, the results show, in figure 8, that the vulnerable locations were clustered together rather than spread apart. Our results also showed that there are more childcare facilities than assisted living facilities. The clusters are along the main roads within the surrounding areas of the WUI. Since the road networks are in the map, it shows us just how the vulnerable locations are along the major roads, rather than in areas that are not accounted for. The amount of vulnerable locations is also in big suburban areas around Austin and Travis County, such as Pflugerville, Westlake and Bee Caves. With the high population in these areas, it explains why there are so many vulnerable locations, specifically childcare facilities. 
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Figure 8. Vulnerable locations (childcare and assisted living centers) in the WUI

4.6 Data Quality
	Overall, the quality of our data was high. However, we did have a couple of data quality issues dealing with the issue of completeness. One of which was with the roads layer that we got from the City of Austin Open Data Portal. It did not have road widths along with the road classes in the attribute table, so we had to find this width data through further research. Additionally, these road classes had a lot of redundant information and empty fields in the attribute table which we cleaned up to include the necessary attributes. Another data quality issue of completeness we had was with the structures layer provided by the client. This file included a polygon for every structure in all of Travis county, including courtyards, sheds, office buildings, etc. Our project was concerned only with residential structures, however, and the structures layer did not contain a field to indicate what type of structure a certain feature was. This made our analysis more difficult as we had to filter out structures that were not residential based off the feature area. We were also able to use a base map of world imagery to help identify extremely large buildings such as schools or hospitals. 

5. Conclusion
	The project that Flame Consulting worked on was successful in finding the wildfire pinch points in the WUI and Travis Country corridor. With the high-quality data provided to us by our client, we were successful in being able to find at risk neighborhoods, refuge areas and vulnerable locations in the WUI as well. We enjoyed having the opportunity to work on this project because it allowed us to put our prior GIS knowledge to the test and apply it as individuals and as a team to a real-world situation. We believe this project will be useful in our future endeavors on how to apply what we know to real-world situations as well as how to work on a team. Our teamwork guided us in making the best decisions together for the work we are going to turn in. After completing this project, we are confident we provided our client with groundwork to someday aid them in the future of wildfire evacuation analysis. 
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7. Appendix
7.1 Participation
7.1.1 Jade Gonzaba
	I was a GIS Analyst in Flame Consulting. My primary task within this project from the Austin Fire Department was to locate the vulnerable locations within the WUI. I first collected the data by looking at the areas/suburbs within the WUI and searching child-care facilities in the surrounding suburbs around Austin and Travis county. I used google maps to be able to identify the vulnerable locations within the WUI. After identifying the vulnerable locations, Dereion assisted me with the Network Analysis tool to be able to exactly pinpoint the correct location. After getting the exact locations, I exported my network analysis points into a shapefile to be able to project them. I created a map of vulnerable locations with the WUI shapefile, the vulnerable locations shapefile, and the road networks. 

7.1.2 Catherine Hodde-Pierce
	I was a GIS Analyst for Flame Consulting. My initial task was finding the widths for the different classes of roads within the study area. I researched road widths within city master plans and did preprocessing of the road classes by assigning categories and widths to the different classes.
	Additionally, I worked with Corinne Kimper to define the boundaries of the neighborhoods within the study area. We hand drew the polygons that delimitate the boundaries of each neighborhood. We did a spatial join of the homes footprints to these polygons, and another spatial join of the pinch points. We then selected neighborhoods that fit the client-defined guideline of 30 or more houses, as well as neighborhoods containing pinch points. From there we ran the intersect tool using pinch points and streets with neighborhoods to determine which neighborhoods had limited ingress/egress points, which then became the at-risk neighborhoods. Corinne and I worked together to create a visually pleasing and legible map that displayed these neighborhoods. We also updated the metadata for each of our new feature classes.
	For the project proposal I wrote the Methodology section and created a flowchart that was used for the proposal, final report, and two of the slide shows. For the progress report I wrote up all the information pertaining to road width classification and problems. For the final report I helped Corinne write the section on at-risk communities, assisted in proofreading, and formatted the sources. I also assisted in making our maps look visually pleasing and selected colors that were used to give all the maps a uniform color scheme.

7.1.3 Bradley Johnson
	I was the manager of Flame Consulting, so I spent time delegating tasks to my group members and making sure that everyone was on track. Also, I referred to the Request for Proposal (RFP) several times to ensure that we were doing our work according to what was asked by our client. Furthermore, I spent a lot of time communicating with our client, Nate Casebeer, to clarify on issues and questions that our group had as we worked on our project.
	Regarding GIS analysis, I identified the pinch points. I did the pre-processing of our vegetation hazard raster layer to intersect it with the buffered road classes. Then I merged all the pinch point layers into a single master layer, as I ensured that the attribute table had all the correct information and was free of redundant data. I made a map of the pinch points to include in this report and on our poster. I also made the metadata file for the pinch point layer and wrote descriptions for all the pre-processing data, as our client wanted this data delivered.
	Additionally, I wrote the data and methodology sections of this report along with the pinch point results section. In the progress report, I wrote the pinch point task section. In the proposal, I wrote the scope, data, timetable, and final deliverables sections. Finally, I edited and reviewed all of the reports and presentations before submitting them along with preparing and organizing the geodatabase to send to the client.

7.1.4 Corinne Kimper
        	My primary task in this project was identifying limited ingress and egress communities within the wildland-urban interface. I completed the pre-processing for this task, including clipping and selecting the useful information into new layers. Bradley and Dereion helped me decide how to limit the buildings to homes using square footage. Catherine and I worked together on the polygon editing. I completed the northern half of the map, and she completed the southern half. After merging the two, we worked together on identifying all exits, as well as exits blocked by pinch points. 
In addition to GIS analyses, I completed work on the written reports as well as presentation slides. I completed the research and writing for the literature review in the proposal. In the progress report and presentation, I wrote the at-risk communities section, because it pertained to my primary task. I also completed sections of the final report and final presentation which pertained to my primary task, including the methodology and results of at-risk communities. I also completed the introduction of the final presentation. 

7.1.5 Dereion Toussaint
 	My primary task in this project was locating the routes from the at- risk neighborhoods to the refuge service areas. Due to the fact, that my responsibility relied on identifying pinch points and the neighborhoods. I assisted Bradley in identifying pinch points by helping with the pre- processing and help identify the appropriate strategy to produce the results we desired.
        	I also provided assistance in helping clean up the neighborhoods data by identifying the average square foot of houses from the smallest to largest. This eliminated data that wasn’t necessary for the scope of our project. Once the neighborhoods and pinch points were done, I used the network analysis to identify the quickest route from the indicated points. 











7.2 Metadata List

Table 2. Master Metadata List
	File Name
	Description

	PinchPoints.pdf
	Metadata description for the pinch points layer 

	Neighborhoods.pdf
	Metadata description for all of the neighborhoods in Travis County

	AtRiskNeighborhoods.pdf
	Metadata description for all of the at-risk neighborhoods in Travis County

	AtRiskIngressEggress.pdf
	Metadata description for all of the ingress/egress access points of at-risk neighborhoods

	SingleAccessNeighborhoods.pdf
	Metadata description for all of the neighborhoods in Travis County that only have one access point

	EvacutationRoutes.pdf
	Metadata description for the refuge service areas

	AssistedLiving.pdf

	Metadata description for the assisted living centers within the WUI

	ChildcareFacilities.pdf
	Metadata description for the childcare facilities within the WUI
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