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Web Map Application: City of Napa Fire History and Resources

Project Summary
The Napa-Sonoma region of California is famous for world class wineries, fancy restaurants, and scenic views, but in October 2017 this popular tourist destination saw some of the most deadly and destructive wildfires in California’s history. The four fires (Atlas, Nuns, Pocket, and Tubbs) were collectively known as the LNU Complex and burned over 162,000 acres. The Tubbs fire near Santa Rosa burned over 5,600 structures, making it the most destructive fire in California’s history. The Atlas and Nuns fires surrounded much of the city of Napa and burned over 2,000 structures. 
After so much destruction happened in a short period of time, I thought it would be interesting to make a map application focusing on the city of Napa and its fire history. In addition to the October 2017 LNU Complex fire perimeters, I’ve included fire perimeters from the past 60 years, which can be animated with the time slider tool. The map application also includes a fire hazard model from the California Department of Forestry and Fire Protection (CAL FIRE), which shows fire hazard areas in the Napa-Sonoma area (ranked as very high, high, and moderate). This web map application will provide information about the vulnerability and history of fire in the area and show the resources available in the area if a fire occurs. A layer of Napa county fire stations is included as well as locations of schools and churches which may potentially be used as shelters during an evacuation.
Purpose

The purpose of this map application is to provide information related to wildfires around the city of Napa.  The map includes the destructive October 2017 fires (LNU Complex), plus fire history going back to the 1950s, as well as a fire hazard model that shows areas with a very high probability of fire hazard. This information may be of interest to people from outside of the area who are thinking of moving to the city of Napa and may even be of interest to people who already live in Napa. The information could also be helpful to someone researching fires in the Napa-Sonoma region. Aside from the fire information, some fire related resources are included such as Fire and Police station locations, along with school and church locations which may be used as shelters during an evacuation. A Nearest Fire Station tool can be used to find the distance and drive time between a location and the nearest station. An Impacted Population tool is also included to select affected census tracts and determine the population that was likely affected by a fire incident.

Data Layers
The map application is centered on the city of Napa has 9 layers.  The four layers at the top of the Layer List are the point layers from Napa County GIS. 

· Fire stations

· Police Stations

· Schools

· Churches

The next four layers are polygon layers that represent past fires or model the areas that are likely to burn in the future.

· October 2017 Wildfires – recent destructive fires that were among the most damaging in the state’s history.

· Fire History – past fires going back to 1950

· Fire Hazard Severity Zones – model of future fire activity

· USA Wildfire Activity – a layer of current fire activity maintained on ArcGIS Online by Esri.

The last layer is an Esri Demographic layer on ArcGIS Online that can be used to help estimate the population affected by fires

· 2016 USA Population Density

Data and Web Application Development

I didn’t want to put too many point layers in the map, but wanted to add layers that felt relevant to the theme of the map application.  Napa Fire Stations were an obvious choice since a user would want to know the distribution of fire stations in the area and how close a fire station is to their home (or other structure of interest). Police Stations were another obvious choice since law enforcement would be involved in a large emergency or evacuation. Evacuation shelter locations would be helpful, but since shelter locations aren’t standard and only pop up as needed, the next best option was to add the locations of buildings that may be used as evacuation shelters. So schools and churches are included.

The four point layers (fire stations, police stations, schools, churches) were relatively simple to create.  I downloaded them as shapefiles from Napa County GIS’ data catalog online http://gis.napa.ca.gov/giscatalog/ and imported each into a geodatabase. I created a feature service for each (one at a time) in ArcMap, and then brought them into a web map on ArcGIS Online. I wanted to use symbols that were simple (no 3D buildings), but clearly conveyed what they represented. For fire stations and police stations I found some good symbols in the “Emergency Management” symbols that fit the criteria.
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For schools, I looked in the “People Places” symbols and found a simple yellow rectangle with a flag on top, which clearly represents a school.
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For churches, I looked in the “General Infrastructure” symbols and found a simple symbol showing a cross over a building.
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To configure the Pop-ups for the point layers, I tried to keep the Pop-ups simple. For the most part I only included address, phone number and website. Extra details in the attribute tables (date school opened, type of school, funding source, type of church) didn’t seem relevant to this map application. So those details were unchecked (turned off) in the Configure Attributes options.
The largest layers in the web application came from the California Department of Forestry and Fire Protection (CAL FIRE).  I downloaded Fire Hazard Severity Zones and Fire History.  Both layers can be found on CAL FIRE’s website for their Fire and Resource Assessment Program (FRAP), which has a GIS data catalog http://frap.fire.ca.gov/data/frapgisdata-subset 

The Fire Hazard Severity Zones (FHSZ) are areas likely to burn in the future under normal conditions. CAL FIRE created these zones using data and models describing development patterns, potential fuels over a 30 to 50-year time horizon, expected fire behavior, and expected burn probabilities to quantify the likelihood and nature of vegetation fire exposure (including firebrands) to new construction. All structures within these fire zones must have 100 ft of defensible space (no flammable vegetation) and all new structures must be built to strict fire-resistant standards. More details can be found here http://frap.fire.ca.gov/projects/hazard/fhz 
The FHSZ layer is important for the web application because the average user would not know which areas around Napa are vulnerable to fire, even with a fire history layer. The FHSZ layer helps a user find areas that will be vulnerable to wildfire in the future and delineates areas that would be subject to the zoning requirements for fire-resistant construction and defensible space. CAL FIRE makes FHSZ available for download by county. So to get good coverage around the city of Napa I downloaded FHSZ for Sonoma, Napa, and Solano counties and then merged them together before creating a feature service in ArcMap. CAL FIRE separates FHSZ into three classes: Very High, High, and Moderate. I used a color scheme similar the FHSZ map on CAL FIRE’s website. Very High zones are reddish, High zones are orange, and Moderate zones are yellow. I configured the Pop-up for FHSZ to simply indicate the hazard class and didn’t give any additional details.
CAL FIRE’s Fire History Geodatabase contains all known California fire perimeters through the end of 2016 and includes the date each fire started (if known). It’s a very large statewide file, so I selected and exported the fires in Napa and Sonoma counties to narrow it down to the area of interest. Once I created a feature service for fire history on ArcGIS Online, I brought it into the web map to animate the fires over time.  The geodatabase includes nearly 70 years of fire history for the Napa-Sonoma area, so I decided to animate them over 10 year intervals.  Adding the time slider widget in the web app builder seemed to be all I needed to do when developing the web app since I already configured the interval in the ArcGIS Online webmap. When configuring the Pop-up I narrowed the attributes down to fire name, date, cause, acreage. The other attribute data weren’t relevant for this web application and were mainly for administrative purposes: Unit ID, Incident number, comments, containment method, etc.
Probably the most important layer to include was the recent and widely destructive October 2017 Fires. These were not in the Fire History geodatabase, which only goes through 2016 (CAL FIRE won’t release an update with 2017 Fires until spring of 2018).  Fortunately, current year fire perimeters are available on the U.S. Geological Survey’s Wildland Fire Support website, known as GeoMAC (Geospatial Multi-Agency Coordination) https://www.geomac.gov/  I downloaded the perimeters for the four fires from the LNU Complex: Atlas, Nuns, Pocket, and Tubbs. Then I merged them into a geodatabase feature class and created a feature service called “October 2017 Wildfires.” Since these were some of the most destructive fires in California history I decided to symbolize them differently from the fire history layer. I used a darker red and a thicker outline. This way the October 2017 fires would stand out even if a user had the fire history layer turned on. Very limited information is available on recent fires, so the only attributes in the Pop-up are the fire name, year, and acreage.

Aside from the feature services I created, the web map application includes two ArcGIS Online layers maintained by Esri. The USA Wildfire Activity layer group has fires from the current year and is constantly updated by Esri. When I began working on this project, the USA Wildfire Activity layer included the October LNU Complex fires in their “active fires” layer, but now that these fires have been extinguished, Esri moved them into the “Inactive perimeter” layer where it’s symbolized in black. Because I wanted more control over symbology I figured it was best to create my own LNU Complex fire layer (as mentioned above), especially since Esri will eventually remove all of the 2017 fires from the USA Wildfire Activity layer group. This layer group is still a good one to include since Esri will continue to update it with fires that happen in the future.
Esri’s ArcGIS Online layer for USA Population Density is included to help a user determine the population that was affected by a fire.  I created a spatial analysis tool from the Situation Awareness widget that allows a user to draw a point, line, or polygon, which then gets used to select the census tracts that intersect the drawing. The user can draw a point at a specific location and can even add a 1 or 2-mile buffer around that point to widen the selection of tracts. Or the user can draw a polygon over a fire perimeter to determine the tracts affected by an entire fire instead of just a selected location. Once tracts are selected, the widget combines the population of all tracts selected to estimate the affected population. 
Other Widgets
As mentioned above, the Time Slider widget is included to animate fire history, and the Situation Awareness widget is included to estimate the impacted population.  In addition to those two, I decided to include a few more widgets when working in the Web App Builder.
The Incident Analysis widget allows a user to find point data that is nearest to them, so I used it to create a “Nearest Fire Station” button in the web application. To configure this widget, I opened the widget options (see screen capture below) and changed the widget label to “Nearest Fire Station.” Then under the Options, I selected the “Fire Stations” layer, and then selected “Closest Feature” as the Analysis Type. Then I called the label “Closest Fire Station.” The Minimum Buffer Distance was set to 2 miles and the Maximum Buffer Distance was set to 5 miles since there’s a fairly large amount of fire stations in Napa County. None seem further than 5 miles apart in the city of Napa.
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The “Directions” widget was added to enhance the abilities of the Incident Analysis widget. When the Directions widget is added, the Incident Analysis widget is also able to give Directions to the nearest Fire Station. There weren’t any settings I needed to change in the Directions widget to make this enhancement happen. Once I added the Directions widget in, the option to get Directions for the nearest Fire Station appears as a little car icon next to the address of the selected Fire Station.

The Measurement widget was added so that users would have the ability to measure distances between locations such as between a fire and a home. I set the default length unit to miles since miles are the most familiar unit of measurement for most users. I removed the ability to measure area because I couldn’t think of a practical use for measuring area.  Most of the fires show their acreage in the pop-up, so there isn’t a need to estimate a fire acreage by drawing a polygon.
Difficulties

The one major difficulty for this project happened when I was working on animating the fire history layer and was unable to make the time slider to appear in my ArcGIS Online webmap. I knew that my fire history feature class had the fire dates stored in a Date field, so I did not understand why a time slider wasn’t appearing. I looked through Esri Help to see if anyone had a similar problem, but I could not find a solution. Eventually, I remembered that our class normally works in Google Chrome and I had been developing my project using Microsoft Internet Explorer (version 11). I tried saving the web map and reopening it in Google Chrome, and sure enough the time slider appeared. So my only error was using an older browser. Once I used Google Chrome, the time slider appeared and functioned as expected.
Final Product
Here is the default view of the web map application.
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By default only the fire stations, police stations, and fire history layers are on.  This view shows all fire history at once, not including the October 2017 LNU Complex fires.
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Here is the fire history layer combined with the October 2017 Wildfires (shown in a darker red and thicker outline than the fire history layer).  In the area surrounding the city of Napa, you can see that the area burned by the October 2017 wildfires is much larger compared to most of the wildfires from the past.
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Viewing all of the fire history at once is a little overwhelming, so the time slider tool allows you to view the fires from each decade.  Above are screen shots from the 1950s, 1960s, 1970s, and 1980s. You can see that the 1970s were a relatively inactive wildfire period compared to the other decades.
[image: image11.jpg]//.:,,ﬂ

W ,/,, 147511

i

Management, Esri,

&
u of Land




While the fire history layer can show you where wildfires happened in the past, it doesn’t give you the full picture of areas that could be vulnerable to wildfire in the future.  The Fire Hazard Severity Zoning layer from CAL FIRE is a model of wildfire behavior and lets you know if Fire Hazard in an area is Moderate (yellow), High (orange), or Very High (light red).  This information would be helpful for potential home buyers who want to know the hazard level of the property they’re interested in, or it may be helpful for builders who want to know what type of fire-resistant construction will be required for the property they’re building on.
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Here’s the same view of the Fire Hazard Severity Zones (FHSZ) from the previous page, but with the October 2017 Fire Perimeters added.  Clearly the FHSZ model does a good job of predicting where wildfires may occur since much of the fire perimeters overlap the hazard zones.
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Here is a view the Atlas Fire (one of the October 2017 fires) zoomed all the way down to the street level.  The topographic base map gives you a good sense of the damage caused by this fire when you see the roads and structures that fall within the Atlas Fire Perimeter. 
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Here’s a demonstration of the measurement tool widget.  I figured this could be useful if someone is considering buying a home and would like to see how close that home was to a past fire.  This location was 1.14 miles from the fire.
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Here’s a demonstration using the same location, but this time using the Nearest Fire Station tool (built off of the Incident Analysis widget), which provides another piece of information that may be of interest to a potential home buyer.  In this case, the fire station is less than 1 mile away.  The little car button lets a user see the directions from the fire station to the home (see next page).
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After pressing the car button, the map zooms in and shows the route from the fire station to the home. It also estimates the drive time, which is about 3 minutes for this route.
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The Impacted Population tool (built of off the Situation Awareness widget) can help a user determine how many people were affected by a wildfire.  You can draw a point at a specific location or draw a polygon over a fire, and then the tool can select and total all of the intersecting tracts.  In this case, 2 tracts are intersecting the area drawn and they have a combined total population of 8,110.
Conclusions

Putting together this web map application has been a great learning process.  I got a lot of practice with creating feature services for ArcGIS Online, which forced me to pay attention to the permission level of each feature service that I created.  Especially when I realized that even if I set a web map to “public” or share it with a group, the map would not be viewable to others if just one of the layers in the web map were set to be viewed by only me.  Since “My Content” (only me) is the default setting when creating feature services, I’ll have to pay close attention to that setting when adding new feature service layers to web maps in the future because it would be very easy to inadvertently add an “only me” feature service to a web map without realizing the feature service hasn’t been shared with others.  Then suddenly no one else would be able to view the web map or web application that contains that feature service.  I would never want to unintentionally take away people’s ability to view a web map.

This project was also a great opportunity to learn about map design and symbology in ArcGIS Online and for web maps in general.  I’ve been making maps in ArcMap for years, but working with ArcGIS Online is different as far as options for the map designer and the map reader.  The color palate is limited, although I found I could get around that limitation by selecting colors for a layer in ArcMap before turning that layer into a feature service. In general I tried to avoid making layers look too similar.  While I did use reddish shades for the fire layers, I tried to make them different enough so that a map user could tell the difference between them if the user decided to turn all of the fire layers on.  I also tried to find good symbols for the point data (fire stations, police stations, schools, churches) that would be easy to understand without being too busy or distracting.

Looking back on the project, one potential enhancement could be made with the fire history layer. Since the time slider was new to me, I wasn’t sure if I could include fires without known dates or years.  So I removed all fires that didn’t have a date or year to make sure the time slider would work.  As it turns out, by default all fires in the fire history layer are shown until the time slider widget is turned on. So I could have just left all fires without a date or year in the layer, and they would have automatically disappeared when the time slider widget is turned on. This would have given the map app a slightly more complete fire history layer, although the time slider animation would still be the same.

Despite the change I could have made with the fire history layer, I’m pleased with the way my web map application turned out.  It brings together the past, the present, and the future of wildfires in the Napa area by including an animated fire history layer, along with the recent October 2017 wildfires, and a fire hazard model showing areas that may burn in the future.  The topographic basemap helps to illustrate how topography affects the level of fire hazard, and when zoomed in closely, the topographic basemap gives users a sense of the structural damage caused by a fire since map users will see the buildings that fall within a fire perimeter. The map also allows users to find their nearest fire station (with the Incident Analysis widget) as well as view the location of police stations, schools, and churches.  Overall, the web application could be very informative to a current or future resident of the city of Napa, and may also be useful for someone researching wildfire activity in the Napa area.
Data sources
Napa County GIS – GIS Data Catalog



            http://gis.napa.ca.gov/giscatalog/ 

GeoMAC (Geospatial Multi-Agency Coordination) 


          https://www.geomac.gov/ 

California Department of Forestry and Fire Protection, Fire and Resource Assessment Program (FRAP) http://frap.fire.ca.gov/data/frapgisdata-subset 


