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Introduction 

California’s 1,100-mile-long coastline is home to over one-million residents and tens of millions 

of visitors each year that are risk to both local and distant tsunami hazards (California Seismic 

Safety Commission, 2005). There are 20 counties, 100 cities and over 60 maritime communities 

that are vulnerable to tsunamis. Over 100 possible or confirmed tsunamis have been observed or 

recorded in California since 1800 (Lander et al., 1993; National Geophysical Data Center, 2012). 

While majority of these events were small and only detected by tide gauges, thirteen were large 

enough to cause damage and five events have caused deaths (Dengler, 2011; NGDC 2012).  

Crescent City is considered the tsunami capital of United States. The offshore bathymetry and 

configuration of the small boat basin makes Crescent City harbor well known for being vulnerable 

to tsunamis. Crescent City has experienced more tsunami than any other community on the west 

coast of the US in historic times; total of 32 tsunamis since 1933. Even if only five of those caused 

damage, one of them (in March, 1964) is stated the “largest and most destructive tsunami ever 

strike the US Pacific Coast” by the USC’s Tsunami Research Center. In case of such devastating 

event, evacuation plays an extremely important role to reduce the casualties. However, in some 

locations, high ground may not exist, or tsunamis triggered by local events may not allow enough 

warning time for communities to evacuate to high ground or tsunami safe areas. A potential 

solution for this kind of a problem is having a vertical evacuation structure designed to resist the 

effects of a tsunami. Vertical evacuation structures provide a means to create areas of refuge for 

communities in which evacuation out of the inundation zone is not feasible. It designated as a place 

of refuge in the event of a tsunami, with sufficient height to elevate evacuees above the tsunami 

inundation depth, designed and constructed to resist tsunami load effects. 

This project aims to find whether Crescent City evacuation strategy is efficient or there is a need 

for an evacuation structure. 

Background 

Crescent city is located on the Pacific coast in the upper northwestern part of California. It is the 

county seat of, and the only incorporated city in, Del Norte County, California. The city named for 

the crescent-shaped stretch of sandy beach south of the city. Del Norte County is currently home 

to over 27,000 people. Approximately 7,000 of those live in Crescent City as permanent residents.  
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Crescent City is considered to be more vulnerable to tsunamis than any other city along the West 

Coast of the United States, based on past events. The most devastating tsunami run-up event that 

resonates in the memory of the local residents in the 1964 Gulf of Alaska tsunami, recording a 

maximum water height of 4.79 meters. Eleven people in Crescent City died from the tsunami. 

Tsunami waves tend to get amplified in the area around Crescent City, and the observed wave 

heights in Crescent City Harbor are typically an order of magnitude greater than those measured 

in other locations along West Coast. Offshore bathymetry may play a role in amplifying tsunami 

wave heights at Crescent City. The Mendocino Escarpment, which is offshore from Crescent City, 

could provide challenging of tsunami energy towards the city. Crescent City Harbor also has the 

tendency to amplify wave frequencies around the 20-min period. A substantial amount of tsunami 

energy can be found in the 20-min frequency band, which undoubtedly contributes to the 

amplification of the tsunami within the harbor boundaries. Because of these reasons, Crescent City 

is considered a high priority site for tsunami inundation studies and the development of a forecast 

model (Arcas and Uslu, 2010). 

 

Figure 1 - Geographic location and a closer look of Crescent City, CA 
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Data 

Del Norte County parcel data was used as a base map for population and inundation maps. It was 

available on Del Norte County’s website. Inundation maps are depictions of coastal areas that 

identify regions, populations, and facilities that are at risk from tsunami attack, which could be 

used by emergency planners for disaster response and mitigation (Wijesundara and Ranagalage, 

2014). Luckily, the data shows the inundation area was also available on the same website. 

(http://www.co.del-norte.ca.us/departments/information-technology/geographic-information-

services-gis)  

Additionally, it was necessary to have the demographics to understand the risks for the region. For 

this purpose, SimplyAnalytics was used to get the 2019 Census Block projections. Moreover, US 

Census Block data was used to project the population density data in a more detailed way.  

Tsunami Safety brochure with an evacuation map was available online at 

https://crescentcity.org/tsunamitour/index.html . Three geocoded assembly points that stated in the 

map were also used for the analysis. 

 

Analysis 

The first thing that needed to be done was the see the population density in Crescent City and 

around. This step was very helpful to see and understand the population at risk around the tsunami 

inundation zone. For this purpose, parcel data was used as the first layer to create the base map. 

Since the population data used for the analysis was based on the block groups, Tiger block group 

data was used as a second layer for the maps to make sure the demographics can be presented 

accurately. Then the demographics data and block group data were joined in ArcMap. It was 

clearly seen that the majority of the population was located around the harbor area and in the 

inundation zone. Harbor area is surrounding by multiple hotels, cafes and three RV parks. Since 

the place is a center of touristic attractions, it can be expected that this region can contain a lot of 

people who are unaware of the surrounding and unfamiliar with the inundation zone. Because of 

those RV parks, in case of an emergency, it can be expected that people would like to move their 

vehicles and thus cause traffic in the area. Population density and inundation are for Crescent City 

is presented in Figure 2. 

http://www.co.del-norte.ca.us/departments/information-technology/geographic-information-services-gis
http://www.co.del-norte.ca.us/departments/information-technology/geographic-information-services-gis
http://www.co.del-norte.ca.us/departments/information-technology/geographic-information-services-gis
http://www.co.del-norte.ca.us/departments/information-technology/geographic-information-services-gis
https://crescentcity.org/tsunamitour/index.html
https://crescentcity.org/tsunamitour/index.html
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Figure 2 – Tsunami inundation area and population density of Crescent City 



6 
 

Three assembly points were identified using the Tsunami Safety brochure and geocoded for the 

analysis. Naturally these points were out of the inundation zone as expected. However, “How 

reachable they are during a potential tsunami threat?” is the question that needs to be answered for 

this project. Therefore, the Create Drive-Time Areas tool was used to have an idea about how 

much area that can be effectively covered during evacuation. This tool was extremely useful to 

determine what area you can reach within a specified time or distance. It uses the ArcGIS Online 

network analysis service as a street network. 10 minutes walking time and 3 minutes driving time 

analysis were performed for each assembly point. Based on several numerical model studies, 

estimation of the arriving time for a potential tsunami wave to reach Crescent City is around 20 

minutes. Even if the evacuation warning starts right after the earthquake, it is not wrong to assume 

that the majority of the people will start heading to higher grounds or inland after 10 minutes from 

the first warning. Therefore, for the walking time analysis 10 minutes was chosen to be on the safe 

side. This analysis follows paths and roads that allow pedestrian traffic and finds solutions that 

optimize travel time. As default, walking speed is set to 5 kilometers per hour. When people start 

to evacuate with their cars, that will definitely create some traffic towards the assembly point 

direction. Panic and disorientation may even cause accidents and close the roads completely. For 

that reason, 3 minutes driving time was used for the evacuation analysis to take into account the 

traffic and possible accidents. The results of those analysis can be seen in Figure 3.  

 

Data Limitations 

The results of the analysis were restricted by the data quality and availability. First, inundation 

maps were based on the numerical model outputs which may depend on the accuracy of 

topographic and bathymetric data, availability of the terrain data and the tsunami source 

information. Secondly, population data was not very precise and even the block data was too big 

for the interested area. Moreover, due to uncertainty, selected limitations for walking time and 

driving time analysis were based on assumptions and judgements which can absolutely alter the 

results. Finally, one of the biggest limitations was the lack of real data on the daytime population 

during peak hours. Around the harbor area there are two RV parks and unfortunately there is no 

precise data for the occupancy for these areas. 
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Figure 3 - 10 minutes walking time and 3 minutes driving time analysis results 
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Conclusion 

As can be seen from Figure 3, there is a need for a vertical evacuation structure for Crescent City. 

Especially the area behind the harbor is vulnerable against a tsunami in the current state. If we 

consider the fact that this area has a bunch of hotels, restaurants and RV camping places, having a 

vertical evacuation structure in the area becomes more significant. Figure 3 shows that neither 10 

minutes walking time analysis nor 3 minutes driving time analysis covered the area behind the 

harbor. This special area can host many people who may not be familiar with the region. Therefore, 

having an evacuation structure closer to this area is highly important for the safety aspects.  

A proposed location is presented in Figure 4. Proposing this potential location aims an efficient 

and easy evacuation for the people nearby. Moreover, putting the structure closer to the harbor 

rather than inland will make the visibility higher for people who are not familiar with the region. 

10 minutes walking time and 3 minutes driving time analysis were performed once more for the 

proposed location and shown in Figure 5. It is seen that now the area behind the harbor is covered 

for evacuation. The structure in the proposed location will perform as a safe place for tsunami 

emergencies, be easily seen and recognized by everyone around the area. 
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Figure 4 - Proposed location of a tsunami vertical evacuation structure for Crescent City 
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Figure 5 - Final evacuation analysis including the proposed location for the vertical evacuation structure 


