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Introduction 

On November 8, 2018 on the borders of Los Angeles County and Ventura County a fire 

ignited in Woolsey Canyon just outside of the City of Malibu and contributed to California’s 

worst wildfire season. Today, known as the Woolsey Fire, it burned and expanded due to the 

Santa Ana winds for thirteen days devastating 96,949 acres, 1,643 structures, and prompted 

295,000 people to evacuate. Some believe that Southern California Edison’s faulty equipment 

started the fire, “Edison found a disturbance at 2:22 p.m. Nov. 8 at the Big Rock circuit at the 

Chatsworth substation near the origin of the wildfire, which began at 2:24 p.m.” (Childs 2018) 

Though there have been lawsuits filed against the utility company for poorly operating, 

repairing, and maintaining their electrical equipment and negligent vegetation management, 

the cause of the fire is officially unknown and still under investigation. The fire has been 

contained for almost half a year and the scorched land is starting to recover.  

In early 2019, California was blessed with an abnormal amount of rainfall. For the past 

decade California has suffered through drought after drought, but this year some areas of 

California hit record numbers of rainfall. Although this is good for California as a whole, it 

creates a dangerous environment for lands scorched by wildfire. Vegetation burnt by the fires 

leaves land easily erodible for several reasons. Roots are no longer in place to cling onto 

surrounding soil. Leftover ash from wildfires are fine and slick when wet. Also, “fire…dries out 

that chunk of ground, it can create a hard-dry layer on top that’s difficult for water to get 

through.” (Beckler 2018) The soil becomes repellent to water and with heavy rain could create 

flood-like flow that will pick up rock and debris. Lastly, elevation contributes to mudslides as 

the steeper the slope the more likely they could occur. With hard rainfall, these are prime 



conditions for mudslides to develop and another danger for those who live around areas burnt 

by the Woolsey Fire.  

Project Objective 

Though there were many wildfires during 2018, the project focuses on the Woolsey Fire 

and the areas that are vulnerable to mudslides. As discussed above, the conditions for mudslides 

depend on whether the earth is scorched or not, the amount of rainfall, and the level of elevation. 

The areas that are vulnerable to mudslides are assumed to be the areas that were burnt from the 

fire and have high levels of rainfall and elevation. Geographic Information Systems like ArcMap 

are optimal tools to help assess the correlations between fire, rainfall, and elevation because 

these relationships are easier to comprehend visually on a map rather than in pure numbers. 

Also, while numbers are important for criteria such as the amount of rainfall and height of 

elevation, the numbers are useless without accordance to area. ArcMap can show layers of data 

on top of each other and their intersections would show areas highly vulnerable to mudslides 

occurring.   

 

Aerial view of Malibu of the burn scar from the Woolsey Fire   



Method 

Data Collection and Process: Data was taken from ArcMap online through ArcMap 10.6 to find 

shapefiles. The base map of all my figures utilize the “World Topographic Map” because this 

base map shows county lines, cities, national parks, foliage, mountain ranges, major streets, 

and freeways. It is the most appropriate base map because viewers will be able to view 

different features and have sense of where their located. The Woolsey Fire perimeter was a 

shapefile that was found through Los Angeles County’s GIS Data Portal. By placing this shapefile 

on top of my base map it created Figure 1, which clearly outlines the size of the Woolsey Fire 

and it’s burn scar.  

Next, rainfall was found through ArcGIS online by searching for “southern California 

rainfall.” There was not a plethora of options to choose from as it was difficult to find content 

on this subject. This shapefile was created by Freddie Dalton and last modified on January 17, 

2019. Because the data was last updated in January, this would be a limitation because it is 

missing February and March rainfall data and thus not the most up to date. Figure 2 was 

created by layering Dalton’s shapefile, Woolsey Fire perimeter, and base map. Rainfall data on 

the map was clipped to only show within the Woolsey Fire perimeter. The gradient scale was 

changed, and the shapefile was made more transparent, so viewers could see locations on the 

base map. Lastly, landslide susceptibility was also found through ArcGIS Online. It was last 

updated on January 3, 2019 and is provided by the California Geological Survey. Although there 

were a variety of shapefiles available, this one was selected because it was the most in-dept 

and allows viewers to see the elevation difference on the map. By layering the landslide 

shapefile, Woolsey Fire perimeter, and base map, Figure 3 was made. This map was hard to 



manipulate because it would not allow for editing and didn’t have an attribute table. According 

to the map’s description, it was created by using several layers of varying scales of data of 

geology, rock strength, and slope. The most that could be done was make it more transparent, 

so other features could be seen. If editing was permitted, the landslide data would have been 

clipped to show only within the Woolsey Fire perimeter. Finally, Figure 4 was created by 

combining all the shapefiles that were found: the “World Topographic Map,” Woolsey Fire 

perimeter, rainfall, and landslide data. Red circles were drawn on the areas of the map that 

Figure 1: Woolsey Fire Perimeter 



were within the Woolsey Fire perimeter and intersected between the highest levels of rainfall 

and highest elevation. 

Map Analysis 

Figure 2: Rainfall and Fire Perimeter 

Figure 2: Dalton’s data shows the average monthly rainfall and how they can affect landslide 

occurrences in a gradient scale. The map is broken up into grids to show the amount of rainfall. 

It is assumed that the shade of blue becomes darker with higher levels of rainfall and chances 

of landslides. A major limitation to Dalton’s data is that he did not label his legend but only 



showed the number ranges. It is also assumed that the number ranges represent millimeters of 

rain. When juxtaposing Dalton’s data and elevation data, his data holds true in that higher 

elevations have heavier rainfall and thus higher chance of landslides.  

Figure 3: The data shows the susceptibility to landslides based on rock strength and slope 

steepness. The combination of these two attributes are used to create classes from zero to ten. 

The California Geological Survey uses a gradient from white to dark red to show the 

susceptibility to landslides. The darker the color the higher probability. Classes two and four are 

Figure 3: Landslide Susceptibility 



omitted under the assumption to save room. Below is a table of how each class is rated in 

terms of rock strength (RS) and slope steepness (SS) measured in degrees. A rock strength of 1 

is believed to be strong, 2 as average, and 3 is weak. In general, landslide susceptibility 

increases with slope and when the rock is weak. In areas with low slopes, susceptibility is low 

regardless of rock strength.  

Susceptibility Class Rock Strength and Slope Steepness (in degrees) 

Class 0 (0) 
RS (1) and SS (less than 3 to 10); RS (2) and SS (less than 3); RS (3) and 
SS (less than 3) 

Class 3 (III) RS (1) and SS (10 to 15) 

Class 5 (V) RS (2) and SS (3 to 10) 

Class 6 (VI) RS (1) and SS (15 to 20) 

Class 7 (VII) RS (1) and SS (20 to 30); RS (3) and SS (3 to 10) 

Class 8 (VIII) RS (1) and SS (30 to greater than 40); RS (2) and SS (10 to 15) 

Class 9 (IX) RS (2) and SS (15 to greater than 40); RS (3) and SS (10 to 15) 

Class 10 (X) RS (3) and SS (15 to greater than 40) 

 

 

 

 

 

 

 



Figure 4: Areas Highly Susceptible to Mudslides 

Figure 4: This map is the combination rainfall and landslide susceptibility to show the areas that 

are susceptible to mudslides. By layering our files on top of each other it is clear to see the 

intersections of high amounts of rainfall and susceptibility to landslides which is denoted in the 

darkest areas of the map from the mixing of the darkest gradients. The red circles highlight the 

darkest areas which have them most susceptibility to mudslides.  

 



Limitations 

 The limitations of this project lie in the data collected. As stated above, Dalton’s data 

was difficult to comprehend as he did not give measures for the numbers that he provided, nor 

does he explain the process of how he created his shapefile. The project assumes that the 

measures are in millimeters. Landslide susceptibility data from the California Geographical 

Survey explained the criteria and their class structure but their data was ambiguous when it 

came to rock strength as they didn’t explain what defines as a level one or three rock strength. 

It is assumed that rock strength one is stronger than rock strength three because the 

susceptibility to a landslide is the same despite rock strength one having a higher slope slant 

degree. Also, the project does not assess the other factors that could contribute to a mudslide 

nor does it highlight the flow direction and areas in danger if mudslides were to occur. Soil type 

is another factor that attributes to mudslides. If the soil is mostly composed of sand, then water 

from rainfall will cut into the soil easily to create mudslides. On the contrary, if the soil has a 

thick layer of topsoil, then the susceptibility of a mudslide occurring diminishes. The project 

could have included drainage basins and flow direction. It could have expanded to show what 

neighborhoods would be damaged if mudslides were to occur.  

 When I compare Figure 4 to Figure 5, which is a map created by the United States 

Geological Survey to show the probability of debris flow in response to a fifteen-minute 24 

mm/h rainfall after the Woolsey Fire, most of my data matches theirs. We both agree that the 

middle region of the Woolsey Fire scar is the most susceptible to mudslides occurring while the 



biggest difference in our maps is the top area. My map shows that there should be a high 

chance of mudslides while the map from USGS believes there is less than forty percent chance.   

 

Figure 5: Likelihood of Debris Flow after the Woolsey Fire (Created by: USGS) 

 

Conclusion  

 In conclusion most areas within the Woolsey Fire perimeter are not at risk for mudslides 

to occur. The areas that should be concerned are the areas in the middle of the fire area and at 

the top tip. Though rain falls all over the area within the fire perimeter, the areas with the most 

rainfall are in the middle and top. Also, those areas have high elevation with a combined slope 

degree and rock strength that makes the area susceptible to landslides. After the Woolsey Fire, 

Los Angeles County issued mudslide warnings and sandbags to residents within the burn scar 



and homeowners residing around the area. As weather warms and the season approaches 

Summer, the vegetation will have time to recover and hopefully be able to protect residents 

from mudslides later in the year during the Fall and Winter.  
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Data Source 

https://egis3.lacounty.gov/dataportal/2018/11/21/woolsey-fire-nov-2018-gis-data-

applications/ 

 

Figure 5 Source 

https://landslides.usgs.gov/hazards/postfire_debrisflow/detail.php?objectid=251 
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