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Message from  
the Scenario Team 
San Diego County is subject to seismic hazards coming from several regionally 
active faults, including the local Rose Canyon Fault which runs through the 
heart of downtown San Diego. An earthquake originated on this fault may 
produce substantial damage and losses for the San Diego community. San 
Diegans need to be aware of this hazard. 

The Rose Canyon fault and its associated geologic and tectonic forces 
shaped San Diego County into the landscape it is today. As a community, San 
Diego needs to address and prepare for those forces to ensure the same fault 
does not devastate our community in the future. 

Over the past five years, a diverse group of practitioners, researchers and 
stakeholders led by the EERI San Diego Chapter worked diligently to study the 
impacts of a plausible earthquake on the Rose Canyon fault if it were to strike 
the San Diego region today. The results presented in this report is the product 
of this volunteer effort.

A resilient San Diego, a community that can resist, respond and recover 
promptly to an earthquake, is the goal of this study. We expect that action towards 
this goal be achieved in the near future, for the safety and prosperity of our 
future generations.

Jorge F. Meneses, PhD, PE, GE, D.GE, F.ASCE
President, EERI San Diego Chapter
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Executive Summary
The Rose Canyon Fault Zone strikes through the heart of the San Diego met-
ropolitan area, presenting a major seismic hazard to the San Diego region, one 
of the fastest growing population centers in California and home to over 3.3 
million residents. The region’s large population coupled with the poor seismic 
resistance of its older buildings and infrastructure systems, make San Diego 
vulnerable to earthquakes. Best models show San Diego County facing an 18 

Figure E–1 . 
USGS 
ShakeMap 
depicting 
the shaking 
intensity of 
the scenario 
earthquake.

San Diego

Chula Vista

Oceanside

Escondido

Encinitas

Spring Valley

Tijuana

La Joya

-- Earthquake Planning Scenario --
ShakeMap for Shakeout SD-TJ - Southern Directivity Scenario

Scenario Date: May 25, 2017 04:00:00 AM MDT   M 6.9   N33.01 W117.32   Depth: 7.7km

PLANNING SCENARIO ONLY -- Map Version 1 Processed 2017-05-25 01:13:25 PM MDT

INSTRUMENTAL
INTENSITY

PEAK VEL.(cm/s)

PEAK ACC.(%g)

POTENTIAL
DAMAGE

PERCEIVED
SHAKING

I II-III IV V VI VII VIII IX X+
<0.02 0.1 1.4 4.7 9.6 20 41 86 >178
<0.05 0.3 2.8 6.2 12 22 40 75 >139

none none none Very light Light Moderate Mod./Heavy Heavy Very Heavy

Not felt Weak Light Moderate Strong Very strong Severe Violent Extreme

Scale based upon Worden et al. (2012)

-117.5˚ -117˚ -116.5˚

32.5˚

33˚

0 10 20 30

km

4 EERI San Diego Chapter



percent probability of a magnitude 6.7 or larger 
earthquake occurring in the next 30-year period 
on a fault either within the County or just offshore 
(Field et al, 2015).

This earthquake planning scenario examines 
the potential impacts and consequences of a 
magnitude 6.9 earthquake occurring on the Rose 
Canyon Fault Zone. The Rose Canyon Fault Zone 
is considered to be the greatest potential seismic 
threat to the San Diego region due to its proximity 
to population, economic, and government centers. 
This scenario was developed by a multidisciplinary 
team of geoscience, structural engineering, and 
social science professionals and researchers with 
the primary goal of raising awareness of the seismic 
risk in the region.

This report intends to paint a broad picture 
of the regional seismic risk profile to highlight the 
threat of the Rose Canyon Fault Zone and the many 
opportunities for earthquake mitigation to make the 
San Diego region more resilient to seismic hazards.

Geologic and Seismic Effects  
of the Scenario Earthquake
The magnitude 6.9 scenario earthquake chosen 
for this analysis is expected to generate major geo-
logic ground failure and ground shaking hazards 
resulting in severe seismic damage consequences.

Primary geologic hazards include surface fault 
rupture and severe ground shaking. Surface fault 
rupture with a lateral offset of approximately 6.6 
feet (2 meters) is estimated to occur, extending 
along the trace of the fault from La Jolla, along 
the I-5 corridor, through Old Town, the Airport, 
downtown San Diego, and splintering into the San 
Diego Bay, Coronado, and the Silver Strand. Severe 
ground shaking with accelerations up to 0.55g (55% 
of gravity) will be generated in the near-fault areas, 
including from La Jolla through downtown San 
Diego. Severe ground shaking will also extend into 
South Bay communities and across the international 
border with accelerations of up to 0.35g in Tijuana.

Population growth by decade, San Diego County (1950-2018).

Population by race, San Diego County (2017).
* U.S. Census Data  
** American Community Survey (2012-2017 5-Year Population Estimates)
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Figure E–2 Extensively Damaged Structures by Building Occupancy Type

Secondary geologic hazards include liquefaction, landslides, and potential 
aftershocks. Liquefaction will be widespread around San Diego Bay, Mission Bay, 
the airport area, and Mission Valley, with areas suffering up to several feet of lat-
eral spreading and up to about a foot of ground settlement. Seismically-triggered 
landslides will occur in hilly areas such as Mount Soledad, Point Loma, Mission 
Valley, and Sorrento Valley.

Impacts to the Built Environment
The population centers, government centers, and economic centers of the 
San Diego region are concentrated in the near fault coastal areas where severe 
shaking, fault rupture and liquefaction ground failures are anticipated to occur. 
Much of the existing infrastructure of the San Diego region was built before 
recognition of the seismic hazards posed by the Rose Canyon Fault Zone; 
therefore, widespread impacts are anticipated from the scenario earthquake.

The scenario earthquake is expected to cause widespread damage to 
buildings, including moderate to severe damage to approximately 120,000 of the 
nearly 700,000 structures countywide. Economic losses associated with building 
and infrastructure damage are estimated at more than $38 billion. Business 
disruptions are expected to extend the economic losses throughout the long, 
slow process of building safety inspection, building repair, and transportation 
and utility services restoration.
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Table E-1. Review of seismically vulnerable structures in the San Diego Region by the Structural Engineering Association  
of San Diego (SEAOSD). aEstimates of buildings are developed through expert opinion and best available data.  
bEstimate based on comparison to other similar jurisdictions or areas in Southern California.  
cBased on review of aerial photographs. dCity of San Diego Development Services Department via:  
https://www.sandiego.gov/department/unreinforced-masonry-buildings.

Building Type Standard Description and 
Typical Failures

Construction Era and 
Locations

Estimated Number in  
San Diegoa

Unreinforced masonry 
(URM)

Brick or hollow clay tile 
bearing wall buildings without 
reinforcement
Prone to partial or complete 
collapse caused by wall 
separation, parapet collapse, 
or global structural collapse

1880–1939
Constructed extensively as 
commercial and institutional 
buildings
1992 City of San Diego URM 
Ordinance (implemented in 
2001) required limited partial 
retrofits of ~800 URMs

884 estimated as of 2001 in City 
of San Diego.
~300 since demolished or recate-
gorized as non-URM buildings
Several hundred URMs remain 
in National City, Downtown San 
Diego, Chula Vista, El Cajon, Solana 
Beach, Encinitas, Oceanside, and in 
unincorporated areas

Nonductile concrete

Concrete frame or shear wall 
buildings without sufficient 
reinforcing steel
Prone to sudden, brittle failure 
and collapse

Pre-1980 500–1,000a

Tilt-up concrete (poorly 
anchored)

Constructed by tilting up 
concrete slabs to act as walls
Prone to failure of the wall 
to roof connection, possibly 
resulting in wall and roof 
collapse

1930–1997
Many constructed from the 
1960s-1980s
Greater Kearny Mesa, 
Miramar, and Sorrento Valley 
areas

500–1,000b

Soft story

Typically, multi-unit apart-
ments or condominiums with 
tuck-under parking on the 
first level and wood-framed 
residential structures on the 
upper levels
Commercial structures with 
open storefronts and/or tall 
first stories at street level
Prone to side-sway and 
potential collapse because of 
weak first story

1900–1980

1,000–5,000b

National City has conducted an 
inventory of multi-unit residential 
buildings with tuck under parking.

Pre-Northridge steel 
moment frame

Welded steel frame buildings 
with insufficiently welded and 
configured connections
Prone to fracture and damage 
at the connections and 
potential partial or complete 
collapse

1960–1995
Office buildings downtown 
San Diego along B Street, 
Broadway, and in the City 
Concourse area and in other 
downtown areas throughout 
the County
Hotel and residential 
downtown San Diego and 
waterfront districts

Unknown, but likely 50-300b,c

Light frame residential 
with cripple walls

Wood-frame residential 
home with relatively unbraced 
foundation cripple wall in the 
crawl space or basement
Prone sideway failure and 
partial collapse of the cripple 
wall, causing the house to drop 
or slide off its foundation

Pre-1950s Unknown, likely thousands.
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Figure E–3. 
Impacts of 
the Scenario 
Earthquake on 
the Wastewater 
System

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), (c) OpenStreetMap
contributors, and the GIS User Community
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Impacts to Structures
Damage to buildings is expected to be extensive and widespread, particularly in 
the heavily populated coastal areas and in the older urban areas. Older, highly vul-
nerable structure types will be hardest hit, causing extensive damage, many build-
ing losses, and many possible casualties. These older structure types including 
unreinforced masonry (URM) and older non-ductile concrete structures, have a 
long track record of poor seismic performance and yet, with few exceptions, have 
not been seismically retrofitted in the San Diego area beyond a partial retrofit 
program for URM buildings. Collapse or damage of these structures would add 
complexity to the emergency response, increase the number of human casualties, 
exacerbate financial loss, and delay recovery for the San Diego Region.

Essential facilities, including schools, healthcare and government facilities, 
are expected to be disrupted throughout the coastal communities due to high 
intensity ground shaking, liquefaction, surface fault rupture, and disruption of 
infrastructure systems. Nearly half of schools and hospitals in San Diego County 
are expected to suffer limited functionality due to damage in the days following 
the earthquake. Police and fire stations and operations will also be hard hit as will 
City government administrative facilities and operations. Department of Defense 
facilities, particularly those encircling the San Diego Bay, will be exposed to severe 
ground shaking and liquefaction and will likely face widespread damage to older 
buildings, waterfront structures, and lifeline utility infrastructure.
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Impacts to Utility, Transportation  
and Communication Lifelines
Much of the utility and communication lifelines, the systems which intercon-
nect every structure in a community, and transportation infrastructure in the 
San Diego area was built without adequate recognition of the potential surface 
fault rupture or liquefaction ground failure that could be generated by an earth-
quake on the Rose Canyon Fault Zone. Many of the pipelines, cables, roadways, 
rail lines, bridges and transportation centers straddle the RCFZ surface fault 
rupture traces or cross the liquefaction zones which encircle the densely devel-
oped San Diego Bay. These conditions leave the San Diego area highly vulnera-
ble to widespread infrastructure damage and loss of service in the event of the 
scenario earthquake.

Assessment of the surface fault rupture and liquefaction impacts indicates 
that the major water supply pipelines supplying the coastal areas and major 
wastewater interceptor lines feeding to the Point Loma Wastewater Treatment 
Plant will be disrupted, essentially cutting off service to the coastal communities 
from La Jolla to Coronado, and compromising wastewater services across much 
of the county.

Major gas and petroleum supply line breaks and leaks will occur in the fault 
rupture and liquefaction zones, disrupting natural gas and fuel supplies to coastal 
areas, Tenth Avenue Marine terminal, and San Diego International Airport.

Electrical transmission lines and transformer substations will be disrupted, 
particularly in the near fault coastal areas. Communication systems will be 
similarly disrupted, aggravated by the loss of electrical power.

Surface streets will be damaged in numerous locations where they cross the 
fault and liquefiable soils. Roads to the airport and the Port District properties will 
be disrupted by liquefaction. Bridges near the fault will be at risk of damage. The 
Coronado Bay Bridge and potentially the I-805 viaduct over Mission Valley will be 
disrupted with structural damage inspection and repair activities. Approach roads 
to the Coronado Bay Bridge and to many bridges in the Mission Bay and Mission 
Valley areas will potentially be damaged by liquefaction-induced ground failures.

Operations of the San Diego International Airport will likely be disrupted 
due to loss of utilities and fuel supplies coupled with liquefaction damage to the 
runway, taxiways, vehicular approach roads, and buildings. The Port of San Diego 
facilities are exposed to several seismic hazards from the scenario earthquake 
and widespread damages to waterfront structures, roads, and utilities due to 
liquefaction and severe ground shaking are anticipated.

Considerations for Emergency Response  
and Recovery
Emergency response in the San Diego region is well-coordinated and actively 
tested by emergency managers for facilities and jurisdictions throughout the 
San Diego region. Nonetheless, the scale of the potential disaster generated 

Executive Summary 9



Hazus Estimates 
the Scenario 
Earthquake  
will cause . . .

$38 Billion
in Building and 

Infrastructure Damages

120,000 
Buildings
Suffering Moderate to 

Complete Damage

8,000 
Buildings

Damaged Beyond Repair

36,000 
Households

Displaced

by a scenario earthquake on the Rose Canyon Fault Zone would likely over-
whelm local resources and impede the immediate deployment of statewide 
and national resources in the days and weeks following the event.

Disruption of lifeline utilities will likely cause the greatest challenge to 
emergency response by limiting essential services such as medical care, police 
response, fire suppression and search and rescue activities. Damage to com-
munication infrastructure and power outages coupled with a surge in demand 
by impacted citizens will severely limit connectivity and dissemination of public 
information in the days following the event. Emergency responders will need to 
respond to tens to hundreds of fires following the earthquake and should expect 
to be handicapped by loss of water service and access roads, particularly in 
coastal communities. Finally, damages to transportation infrastructure, including 
roadways, railroads, bridges, the San Diego International Airport runway and port 
facilities will present significant challenges to emergency response.

A major earthquake on the Rose Canyon Fault Zone will impact every aspect 
of the San Diego region’s social, economic, and physical systems. Damages will 
cause business interruptions across most economic sectors, estimated at $5.2 
billion dollars in lost income throughout San Diego County. Additionally, the 
earthquake will damage a large percentage of the housing stock in the San Diego 
region, further exacerbating housing affordability issues particularly for more 
vulnerable populations such as low income residents.

Key Findings
This scenario report concludes that the San Diego region could suffer severe 
damage to its buildings and lifeline infrastructure with devastating consequences 
to the communities and economy following a major RCFZ earthquake.

• Many older, more seismically vulnerable buildings constructed before modern 
seismic design provisions were in place, including several key City of San Diego 
facilities, may be severely damaged with multiple older buildings potentially 
suffering partial to total collapse.

• Due to the location of the fault rupture zone, coastal communities, stretching 
from La Jolla to the Silver Strand, may be cut off from nearly all lifeline utility 
and infrastructure services. Water, wastewater, and gas line services west of 
the fault rupture zone are estimated to be out for months.

• Transportation lines along the I-5 corridor could be severely impeded, with 
potential roadway and bridge failures within the fault rupture and liquefaction 
zones. Impacts to these systems would present additional challenges to 
emergency responders.

• Response to fires caused by gas line breaks and electrical failure or malfunc-
tion would be challenging with a loss of water pressure from damaged water 
systems, especially in coastal communities.

10 EERI San Diego Chapter



Case Study – Coronado Island and the Coastal Communities 

Coronado Island and the coastal communities west of the RCFZ 
will suffer the greatest impacts from the scenario earthquake. 
The RCFZ bisects many coastal communities, running directly 
under the Silver Strand and with diverging strands of the fault run 
through Coronado and under the Coronado bridge. The utility 
and infrastructure systems serving the coastal areas are antici-
pated to suffer widespread damage and disruption of services, 
particularly due to the anticipated surface fault rupture and sev-
eral feet of liquefaction-induced lateral soil spreading. 

The loss of utility lifelines may be particularly devastating west 
of the fault rupture, with power, water, sewage, and fuel service 
outages causing comprehensive disruptions to the coastal com-
munities. Electrical outages may be the first to be repaired; how-
ever, residences, businesses, healthcare facilities, grocery stores, 
communications systems, internet services, traffic lights, airport 
operations, and water and wastewater pumping systems will be 
adversely affected in the meantime. Fuel, wastewater and water 
services are anticipated to be lost or disrupted for weeks to months. 

Damages to transportation systems may further delay the 
ability to assess and repair damages in coastal communities. For 
example, the Coronado Bay Bridge was retrofitted to withstand 
an earthquake similar to the scenario earthquake without collapse 
but with potential damage and loss of use. In the scenario event, 
with 2 to 3 feet of fault offset extending under the bridge and with 
extensive liquefaction likely around the Coronado approach, the 
bridge and its approach roads may be out of service for weeks for 
inspection and minor repairs or potentially for months to years for 
major repairs or replacement, if required.

In addition to mass displacement caused by damaged struc-
tures, loss of water and wastewater service may trigger a secondary 
wave of displacement and dislocation for many of the 200,000 

coastal residents between La Jolla and Coronado. Shelter facilities 
in coastal communities such as the Del Mar Fairgrounds, may be 
damaged and delay or prohibit sheltering operations. Non-govern-
mental organizations noted that residents with insurance, viable 
transportation and money in savings do not typically rely upon 
disaster relief services as they tend to evacuate. However, low 
income residents already burdened by the high cost of living in 
the coastal communities of La Jolla, Coronado, and Del Mar may 
be unable to afford to relocate in the region. 

Of note, emergency responders expressed concerns for a 
major disruption of the utility lifelines serving Coronado Island 
that may be exposed directly to fault rupture. If compromised, 
these submarine water, wastewater and fuel lines may require 
extensive repairs to full replacement leaving emergency respond-
ers and residents without water or wastewater service for months. 
If liquefaction or fault rupture is severe, roadway access via the 
Coronado Bridge or Silver Strand may be delayed significantly due 
to inspections and repairs. 

This disruption would greatly impact emergency services 
including the Coronado Fire Department which relies on water 
distribution lines for 100 percent of its water. Without functioning 
pump systems, water and wastewater systems may be compro-
mised. As a result, firefighters would not be able to access the water 
needed to combat post-earthquake fires. Regional fuel planning 
efforts are in place to address potential losses of fuel supply in case 
of emergency, but loss of additional utility lifelines would remain a 
challenge for emergency response operations. The potential for a 
domino effect across lifeline infrastructure would greatly hamper 
emergency response and recovery efforts, impacting safety and 
quality of life for residents of the island.

Figure E–4. Aerial view of the Coronado Bay Bridge.  
Lifeline utilities for Coronado Island cross the San Diego Bay  
to provide service to Coronado Island.  
(Credit: Frank McKenna via Wikimedia Commons)
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• Infrastructure critical to the regional economy, including the San Diego Inter-
national Airport, the Port of San Diego, and several Department of Defense 
installations may be severely disrupted.

• Damages to over 100,000 residential structures, coupled with current high 
housing costs and low vacancy rates, may exacerbate existing housing 
affordability issues in coastal communities and potentially cause residents 
to leave the region.

Community and economic activity could be disrupted for years until the 
region’s housing stock, commercial and government facilities, and infrastruc-
ture are repaired or replaced. Considering these potential consequences, the 
imperative for resilience planning and mitigation action is clear and pressing.

A Seismically Resilient San Diego
Given the potential impacts of a scenario earthquake, mitigation planning and 
actions become imperative to avoid potential disaster and provide a resilient 
San Diego region.

The region already benefits from significant investments in mitigation and 
community-wide resilience planning efforts, particularly for those hazards most 
exacerbated by climate change including drought, sea level rise and wildland fires. 
As seismic resilience is a foundational element of community-wide resilience, 
addressing seismic risks and vulnerabilities today is of paramount importance to 
achieving the vision of long-term, community-wide resilience across the region.

To better integrate the vision for seismic resilience with existing climate 
adaptation and long-range community planning efforts, the scenario develop-
ment team developed a vision for San Diego in 2050, a vision for San Diego after 
30 years of enhanced coordinated and collaborative resilience efforts to address 
seismic risk in the region (see right).

The Path Forward
To achieve this vision, the scenario development recommends the following 
eleven actions and calls for the formation of a Seismic Resilience Working 
Group that includes governments, earthquake professionals and private sector 
utilities and stakeholders, to move these actions forward.

1. The San Diego County Resilience Program conducts a county-wide Resilience 
Review for seismic hazards to identify regional priorities and accountable 
partners for seismic risk reduction.

2. The newly formed Seismic Resilience Working Group develops a Regional 
Seismic Mitigation Strategy that identifies seismic mitigation actions, priori-
ties, and funding mechanisms to bolster existing earthquake hazard mitigation 
planning efforts.
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Vision 2050: A Seismically Resilient San Diego
By 2050, San Diego organizations have collaboratively enacted a comprehensive set of seismic resilience policies and 

investments and are prepared for the next major earthquake.

The threat of casualties caused by earthquake-related building collapse is significantly diminished, as all of the seismi-

cally vulnerable structures in the region have been inventoried and undergone retrofits or replacements.

Building codes and land use regulations across the region are now a model for other communities, with increased per-

formance goals for new construction, regulatory triggers for retrofit, and enhanced zoning requirements. Financial incen-

tives and grant programs are well-known and widely used by business owners and homeowners to address structural risks 

and offset mitigation and retrofit costs.

Utility, telecommunications, and transportation lifelines in areas of high seismic risk have been retrofitted or improved 

with new technologies or systematic redundancies to address multiple natural hazards all while accommodating regional 

growth. Major infrastructure critical to the regional economy, including military installations, health care facilities, school 

and university campuses, border crossing infrastructure, the Port of San Diego, and the San Diego International Airport, 

have developed comprehensive mitigation plans and are regularly investing in the long-term resilience of their infrastructure.

Cross-border government agencies and nongovernmental organizations regularly collaborate on emergency manage-

ment exercises and planning for region-wide mitigation, response, and recovery. Residents and businesses understand their 

seismic risk and are prepared to be self-sufficient following a major seismic or other hazard event.

Executive Summary 13



3. Local jurisdictions compile inventories of seismically vulnerable structures 
and develop customized seismic risk reduction programs capitalizing on the 
ordinances and retrofit programs adopted by other California jurisdictions 
to reduce the potential for casualties and economic losses caused by older, 
seismically vulnerable structures.

4. The San Diego Association of Governments assesses local land use and 
zoning practices and recommends actions, such as enhanced hazard mapping 
and triggering requirements for local geologic review to reduce risk to the built 
environment along the potential fault rupture zones of the Rose Canyon and 
other active faults and potential ground failure areas.

5. Local emergency management agencies convene public and private utility 
stakeholders to coordinate resilience planning, emergency response, and 
mitigation investments to address the resilience of lifeline networks.

6. Wastewater utilities prioritize investments in resilience-building measures 
like system upgrades or redundancies that alleviate dependencies on the 
infrastructure most vulnerable to fault rupture including main interceptor 
trunk lines and the Point Loma Wastewater Treatment facility.

7. Water utilities and local decision making bodies prioritize investments in 
water supply and distribution infrastructure in areas most vulnerable to fault 
rupture and liquefaction to protect coastal communities from prolonged 
utility disruption and ensure fire suppression capabilities are maintained 
region-wide.

8. The San Diego Unified Port District, in conjunction with applicable stake-
holders and partners, outlines and prioritizes risk mitigation strategies in 
upcoming revitalization planning efforts to address multiple hazards ranging 
from liquefaction to tsunamis to sea level rise.

9. Emergency managers for governments, utilities, and essential facilities update 
existing emergency response plans, exercises, and mutual-aid agreements to 
better prepare for the disruptions to utility infrastructure, extensive impacts 
to coastal communities, and surface fault rupture and liquefaction hazards 
from a major damaging earthquake.

10. Local emergency management and disaster relief organizations conduct 
public preparedness campaigns to educate residents and businesses about 
the region’s earthquake hazards, methods for reducing personal and business 
risk, and the importance of emergency preparedness planning.

11. San Diego and Tijuana organizations integrate agency counterparts and 
partners in emergency planning and response exercises to build capacity 
for cross-border coordination and seismic risk reduction across the entire 
for the San Diego–Tijuana border region.
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Please visit the Earthquake Engineering Research Institute San Diego Chapter website, at sandiego.eeri.org, to download 
the full San Diego Earthquake Planning Scenario Report. Additional resources including methodology, technical supple-
ments, and USGS Scenario products are also available on the website. 

sandiego.eeri.org
eeri.org


