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1. Introduction: 

 

California is considered as one of the most earthquake prone states in the USA. 

Despite the fact that during the past century, seismicity in California has remained 

relatively low, California’s sleeping giant has a 75% chance of producing an M7.0 

quake or greater in the next 30 years, according to the United States Geological 

Survey1.  

One of the dangerous consequences of earth-shaking disaster is soil liquefaction, 

which will cause significant property damage even mortality of residents. 

Liquefaction is a phenomenon where saturated sand and silt take on the 

characteristics of a liquid during the intense shaking of an earthquake, according to 

the United States Geological Survey website2. For example, during the 1971 San 

Fernando and 1994 Northridge earthquakes, significant damage to roads, utility 

pipelines, buildings, and other structures in the Los Angeles area was caused by 

liquefaction-induced ground displacement3. 

According to the third Uniform California Earthquake Rupture Forecast 

(UCERF3) report, in the next 30 years (beginning in 2014), there is a: 

• More than 99% chance that one or more M6.7 or greater earthquakes will 

strike somewhere in California 

• 75% chance one or more M7.0 or greater earthquakes will strike Southern 

California 

• 76% chance one or more M7.0 or greater earthquakes will strike Northern 

California4. 

Taking into account the above-mentioned forecast it is important for California 

Government to identify and know which areas in the California are more at risk for 

liquefaction, which will be explained in this project. 

https://pubs.usgs.gov/fs/2015/3009/
https://pubs.usgs.gov/fs/2015/3009/


2. Background and problem statement 

As we mentioned above California is the state where might occur highest magnitude 

shake-ups as a whole. However, exploring the whole territory of California would 

take more time and require detailed information. Therefore, in our research we 

decided to examine three counties in California state where probability of earthquake-

induced liquefaction is high, which are Los Angeles, Ventura and Orange counties. 

So, why we have chosen these three counties. First, these are the most populous 

counties in the California state, where live around 14 million people. Secondly, 

compared to other counties in California these three counties are geographically 

located in the seismic hazard zones. (According to California Geological Survey a 

Seismic Hazard Zone is a regulatory zone that encompasses areas prone to 

liquefaction and earthquake-induced landslides5). In our project we tried to define 

seismic hazard zones, which purpose is to reduce the threat to public health and safety 

and to minimize the loss of life and property. Furthermore, we also define the 

locations of the fire stations in these three counties, whose help as a first responders 

are most important for residents in case of natural disaster. According to U.S. Fire 

Administration the average speed of fire truck on emergency situations is around 37 

mph6 (60 km per hour) and we calculated the distance around each fire station which 

is 3.125 miles (5 kilometers). So, fire trucks could reach anywhere in this circle 

within 5 minutes in order to achieve maximum assistance and rescue to people. These 

circles could help us identify where the population could suffer and be at risk and 

where at less risk in the event of a major earthquake.    

 

 



3. Data 

We used data from different official trustworthy sources to get more accurate results.   

We followed five steps to build the model.  

Base Maps. Source: https://www.census.gov/ for U.S. and California State maps, 

http://planning.lacounty.gov/gis for LA County map, https://www.ventura.org/gis-

and-mapping/maps/ for Ventura County map, http://data-ocpw.opendata.arcgis.com/ 

for Orange County map. To feature the data, we chose a background with neutral 

colors.  

Earthquakes. Source: ArcGIS Online Service 

https://earthquake.usgs.gov/earthquakes/summary/ the most recent earthquakes in 

the U.S. 

Liquefaction hazard zones. Source: ArcGIS Online Service 

https://quake.ca.gov/gmaps/ to identify the most dangerous liquefaction zones.  

Fire Station Locations. Source: https://egis3.lacounty.gov/dataportal/tag/fire-

department/ for fire stations in LA County, https://www.ventura.org/gis-and-

mapping/maps/ for fire stations in Ventura County, 

https://cms.ocgov.com/gov/pw/survey/services/gis.asp for fire stations in Orange 

County.  

3.125 miles (5 km) areas. To visualize areas around fire station locations that can be 

reached within 5 minutes, we used geoprocessing tool in ArcMap to create buffer 

polygon around fire stations in a specified distance.  

 

    4. Map Analysis  

The first figure shows the map of the whole territory of the USA and the most recent 

earthquakes took place. On the map from we added the ArcGIS online earthquake 

which displays that the most recent earthquakes happened in California state, 

https://www.census.gov/
http://planning.lacounty.gov/gis
https://www.ventura.org/gis-and-mapping/maps/
https://www.ventura.org/gis-and-mapping/maps/
http://data-ocpw.opendata.arcgis.com/
https://earthquake.usgs.gov/earthquakes/summary/
https://quake.ca.gov/gmaps/
https://egis3.lacounty.gov/dataportal/tag/fire-department/
https://egis3.lacounty.gov/dataportal/tag/fire-department/
https://www.ventura.org/gis-and-mapping/maps/
https://www.ventura.org/gis-and-mapping/maps/
https://cms.ocgov.com/gov/pw/survey/services/gis.asp


precisely, on the South part of California. There a lot of earthquakes with mag<3, 

which is identified by blue color happened in in this part. So, this data was interesting 

for us and that is why we chose this area (South part of California) to further research.  

 

 

  

Furthermore, we cut the map of California state separately from whole territory of 

US and identified the most liquefaction hazard zones in this state. As it is obvious 

from this map there are two places in the California state where most hazard 

liquefaction zones, one is on the northern part, around the San Francisco city. Second 

zone is on the south part, namely on the territory of three counties, such as Los 

Angeles, Ventura and Orange counties.   



  

 

  

The next step we wanted to highlight is the data of seismic zones on the three above 

mentioned Counties. First, we showed the most recent earthquakes within last                    

6 months. After that we added the liquefaction hazard zones in Los Angeles, Ventura 

and Orange counties.    

 



 
 

 

In the next step we created topographic map from ArcGIS online with the liquefaction 

zone on it to see the certainly what zones are most dangerous during the earthquake.  

As the map shows the most liquefaction hazard zones are situated not on the mountain 

areas, but on the plain zones, where live more people. 

 

 

 



 
 

On the next ArcGIS map, we were looking the answer who would help first for 

residents in case of natural disaster. As a reply for this question we found and added 

all fire stations on the three counties. As we can see the most density of fire stations 

belongs to Los Angeles and Orange counties, while to the north part the locations of 

fire stations are seldom. 

 



 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

On the next map we highlighted 3.125 circle miles (5 km) around each fire station, 

which shows the possibility of each firefighter team for rapid reaction in case of 

disaster. If the average speed of fire truck on emergency situations is around 37 mph 

(60 km per hour) and calculated distance around each fire station (which is 3.125 

miles) could be reached within 5 minutes.  

So, fire trucks could reach anywhere in this circle in order to achieve maximum 

assistance and rescue people. These circles could help us identify where the 

population could more suffer and be at risk and where at less risk in the event of a 

major earthquake.    

 

 



 
 

 

 

On the last map we tried to show the more precise picture of hazard zones on the 

topographic map. Here we can see where most people live, where are the highways, 

which area are unreachable in a short time for fire trucks. 

 



 
 

5. Conclusion 

 

Based on our research, it is clearly to see that 3.125 miles (5 km) areas around fire 

stations cover most plain parts of the Counties. Looking geographically, Orange 

County have the biggest coverage than Los Angeles and Ventura Counties. However, 

Orange County is the smallest County and it has more plain territory among other 

Counties in our project. In Los Angeles County in almost all areas fire trucks can 

arrive in 5 minutes while a large area in Pasadena, Brentwood, Antelope Valley are 

out of the 5-minutes response zone. The same situation in Ventura County where 

almost all parts covered, except south east and north west parts around Oxnard. When 

considering the density of population, the selection of fire stations in Los Angeles, 

Ventura and Orange Counties looks even better. It covers all the most populous areas 

especially in Los Angeles County where the largest number of people live. The areas 

out of 5-minutes response zone are at risk of the arrival of fire trucks, which could 



negatively affect the rescue of people in the event of a strong earthquake. The 

potential fire station locations we think for Los Angeles County is in Pasadena and 

Brentwood areas and for Ventura County is at south east and north west parts around 

Oxnard which based on the population density. To make full use of the fire stations, 

we only recommend building new ones in the most needed areas where population 

density is high.  

 
 

Density of population in Los Angeles County 

 



 
Density of population in Ventura County 

 



 
Density of population in Orange County 

 

 

6. Limitations  

 

We came across several limitations while working on this project. First, we assumed 

that the response time equals to the time on route. Response time also includes turnout 

time, which is the time to communicate between the dispatch center and the fire 

station plus the time to put on gear. Unfortunately, we did not find information about 

the exact response time for fire departments. So, we decided to consider the 5 minutes 

time to arrive in 3.125 (5km) area as driving time.  

Second, we found information about liquefaction hazard zones and the most recent 

earthquakes in official internet resources, but we did not find their files to add as 

layers to ArcMap. So, we decided to add this information from ArcGIS online. In this 



case, the limitation is that we do not know how accurate and correct the data was used 

to create layers. 

Third, we found GIS data of fire stations in Los Angeles County from official data 

source, but unfortunately after reviewing we realized that this data does not include 

all the Los Angeles City administered fire stations. Because we needed data for Los 

Angeles County, we decided to leave that layer. 
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