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INTRODUCTION  

The year 2008 marks the 140th anniversary of the October 21, 1868 earthquake on the Hayward Fault, which 
ruptured  a section of the fault from the location of present -day Fremont to just north of Oakland (Yu and 

Segall, 1996). Until the 1906 Great San Francisco Earthquake and Fire, the event on the Hayward Fault was 
known as the ñGreat San Francisco Earthquakeò for the damage it caused to the major population center of San 

Francisco. Damage along the Hayward Fault was extensive, with strong shaking and liquefaction destroying 

unreinforced masonry buildings in Oakland, as well as structures in Hayward and San Leandro (Figure 1). 
Chimneys were knocked down in cities as far away as Santa Rosa, located approximately 63 miles (100 km) 

north  of Oakland. According to the San Francisco Bulletin, ñthe total loss of property [in San Francisco alone] 
was variously stated from $300,000 to $5,000,000é.a careful estimate of damages made a day or two after the 

disaster, placed it at about $350,000.ò 

 

 

Figure 1: Damage to the Alameda County Courthouse in San Leandro, California, following the 1868 
Hayward Earthquake (Source: National Information Service for Earthquake Engineering, EERC, University 
of California, Berkeley) 

 

In commemoration of the 140th anniversary of the 1868 Hayward Earthquake, Risk Management Solutions 

(RMS) has investigated the 1868 Hayward Earthquake and the potential impacts of a similar event repeating in 
2008. As scientists have illustrated that the southern section of the Hayward Fault has ruptured, on average, 

every 140 years for the past 700 years, this particular anniversary is significant, as the fault is considered 
ñlocked and loadedò for a repeat. A series of six three-dimensional ground motion simulations provided by the 

United States Geological Survey (USGS, 2008) for alternative earthquake scenarios along the Hayward Fault 
have been utilized to estimate a range of economic and insured property losses, as well as the potential 

impacts to the Bay Areaôs infrastructure and economy. Implications for the earthquake insurance industry in 

California are highlighted, including the vulnerability of the property at risk and current mitigation efforts 
throughout the San Francisco Bay Area. 
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THE 1868 HAYWARD EARTHQUAKE  

Occurring at approximately 8:00 a.m. local time o n October 21, 1868, the  Hayward Earthquake was felt 
throughout  the entire San Francisco Bay Area, with strong shaking lasting more than 40 sec onds. The most 

recent studies of the earthquake have placed the  moment magnitude between 6.8 and 7.0, with the  earthquake 
creating up to 6 f t  (1.8 m)  of horizontal offset along a 28 to 37 mile (45 to 60 km) section of the Hayward Fault 

(Figure 2). Historical records indicate that strong aftershocks were felt throughout the region in the weeks 

following the main shock.    

According to U.S. census records, at the time of the 1868 earthquake, the total population of the Bay Area was 
about 260,000, with approxim ately 10% of the population living  along the Hayward Fault. Casualties from the 

earthquake totaled thirty  people and most loss of life was a direct result of building collapse . The most severe 
damage was in small farming communities along the Hayward Fault, with nearly every building in the town of 

Hayward, with a population of 500 people, wrecked or severely damaged.   

 
Figure 2: Map of the San Francisco Bay Area counties in 2008, highlighting the  1868 rupture on the  
Hayward Fault, as well as the surrounding faults  
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In  the city of San Francisco, the shaking and accompanying liquefaction severely damaged and destroyed 

unreinforced masonry buildings in the business district , and caused the ground to ñopen upò in many places. 

With approximately 150,000 individuals living in San Francisco, the city was the largest one on the U.S. West 
Coast at the time, and thus, the earthquakeôs damage to San Francisco was well-documented in the 

newspapers. Accounts of damage ranged widelyðfor example, the San Francisco Bulletin reported that ñupon 
Russian and Telegraph Hills, the shock was not very damaging. In some houses on the latter , ornaments were 

not displaced from the mantel .ò In the Alta California, it was written that ñat the junction of Market  and Front 
Streets, the ground sank for a foot or two, and there was evidence that the tide had risen in the adjoining lot at 

the same time, for a pond of water collected and remained until low tide. ò  

Damage was also chronicled in the Lawson Report (Figure 3), which was written following the 1906 Great San 

Francisco Earthquake and Fire (Lawson, 1908). In this report, it was written that ñthe portion of the city which 
suffered most was that part of the business district, embracing about 200 acres, built on ômade groundô; that is, 

the ground made by filling in the cove of Yerba Buena. ò The Lawson Report also chronicled damage in other 
locations, such as the Old Mission Church in San Jose, ñwhich was of adobe, was shaken down, as were several 

other buildings at the same place.ò  

 

  

Figure 3: Damage in downtown San Francisco as a result of the 1868 Hayward Earthquake (Source: 
National Information Service for Earthquake Engineering, EERC, University of California, Berkeley) 

 

From these reports, it is clear that the vulnerability of  structures constructed on bay fill or ñmade landò was 
understood, as was the importance of earthquake-resistant structures. According to one reporter for the San 
Jose Mercury News, it was recognized that ñwe need to correct our style of architectureéto work a savings of 
untold sums of money in the future.ò  
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A HAYWARD FAULT EARTHQUAKE IN 2008  

In 2008, t he Hayward Fault transects the highly urbanized East Bay corridor of the San Francisco Bay Area. For 
most of i ts length, the Hayward Fault runs through Alameda County , transecting or adjacent to the city centers 

of Berkeley, Oakland, San Leandro, Hayward, and Fremont. As a result, over 2.4 million people live on or near 
this fault zone, with close to 7 million peo ple in the surrounding counties  of Alameda, Contra Costa, Marin, San 

Francisco, San Mateo, Santa Clara, Solano, and Sonoma. This is over 25 times the population of the region at 

the time of the 1868 earthquake. Within these eight counties, close to $1.8 tr illion of residential and 
commercial properties are at risk from a major earthquake occurring along the Hayward Fault (Table 1) . This 

property value is based on U.S. Census data, as well as the 2008 RMS®  U.S. Industry Exposure Database (IED), 
which estimates total insured values for building, contents, and time element  coverages (i.e., additional living 

expenses and business interruption). 

The residents and additional workers, who commute daily into the Bay Area, depend upon the major lifelines 

and transportation routes that  cross over the Hayward Fault. For example, a number of major roadwaysð
including interstates 580, 680, and 80, as well as Highway 24ðtraverse the fault. In addition, the bulk of the 

water supply for the region flows from the East through pipelines that bisect the Hayward Fault. This 
infrastructure , as well as electric and gas lines, will most likely be damaged and disrupted during a major 

earthquake event, as the horizontal movement on the strike-slip fault will be significant .   

A catastrophic earthquake on the Hayward Fault would almost certainly have ripple effects throughout 

California and the United States. The San Francisco Bay Area has one of the highest concentrations of people 
and wealth in the U.S.,  and is recognized as a center of innovation  in the country , due to  the high density of 

venture capital firms in Silicon Valley, located along the southern part of the San Francisco Bay. Due to the 
importance of th is metropolitan region to the U.S. , an accurate assessment of earthquake risk is vital, and this 

assessment begins with an understanding of the expected magnitude and recurrence of a major earthquake 
along the Hayward Fault.  

Table 1. Property and people at risk from a significant earthquake on the Haywar d Fault 

County  
Residential  Property  

(in $ billions)  
Commercial  Property  

(in $ billions)  
Population  (in 
thousands ) *  

Alameda  $215 $140 1,465 

Contra Costa  $160 $80 1,020 

Marin  $55 $25 250 

San Francisco  $115 $145 765 

San Mateo $130 $80 705 

Santa Clara $315 $180 1,750 

Solano $50 $20 410 

Sonoma $70 $25 465 

Total  $1,110 $695 6,830 

* Based on U.S. Census July 2007 estimates 
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Earthquake Magnitude  

Scientists believe the Hayward Fault is segmented into two parts, often referred to as the North Hayward a nd 

South Hayward fault segments. Sometimes, one part of the fault  rupturesðas it did in 1868 when the southern 
segment of the fault broke ðand, sometimes, the fault  ruptures along its entire length.   As the magnitude of an 

earthquake is generally proportion al to the length of rupture along a fault , an earthquake on one segment of 
the fault will be smaller than one along the entire length of the Hayward Fault . Comparing the length of the 

segments of the fault  system with similar fault  systems worldwide (e.g.,  North Anatolian Fault in Turkey) , 
scientists of the USGS have estimated a maximum magnitude of 6.81 for an event on the South  Hayward Fault 

and a magnitude of 7.0 for an earthquake rupturing both the North and South Hayward fault segments .  

Earthquake Recurrence   

Recent studies by the USGS, in cooperation with the California Geological Survey (CGS) and the Southern 

California Earthquake Center (SCEC), indicate that the expected probability of a major earthquake (M Ó 6.7) on 

the Hayward and Rodgers Creek fault systems in the next 30 years is over 30% (WGCEP, 2008)2. This ranks as 
the largest probability of occurrence among the seven major fault  systems in the Bay Area (denoted ñType Aò 

faults by the USGS). This high likelihood is based in part on recent geologic studies along the Hayward Fault 
near Fremont, California, revealing that the South Hayward Fault has generated twelve major earthquakes in 

the last 1900 years, on average every 160 ± 65 years 3. As previously noted, the last five earthquakes have 

been shown to occur more frequently, at an average interval of about 140 ± 60 years . 

Ground Motion  

The pattern and intensity of ground shaking during an earthquake depends on three key factors:  the 
earthquakeôs source; the earthquakeôs attenuation from source to site ; and the site conditions.  A key 

component of the source ñfactorò is the earthquake magnitude:  the larger the magnitude, the larger the ground 
motion. Other source factors influencing ground motion incl ude variations in slip along a faultôs rupture  length, 

as well as the direction in which the fault ruptures. 

The attenuation of ground motion from its underground source to the surface of the Earth is itself highly 

dependent upon ñpath effectsòðthe geological structures the seismic waves encounter as they move through 
the Earth can absorb or refract seismic energy, impacting seismic attenuation. In particular, thick accumulations 

of sediment in basins can trap seismic energy and amplify it, causing a longer durat ion of ground shaking . The 
site conditions near the surfaceðin particular, the e xistence of soft (or clay)  soilsðcan greatly amplify the 

seismic waves relative to sites with underlying rock . 

Overall seismic energy decays with distance from a fault  rupture , following behavior that is defined by the 

attenuation relationship appropriate to a particular region. While attenuation relationships are widely accepted 
in earthquake engineering practice, both recordings of large earthquakes and theoretical studies ind icate a wide 

variability in these empirically -based relationships, primarily due to the above-mentioned factors.  

Numerical Modeling  
RMS has collaborated with a group  of U.S. research seismologists in order to investigate the variation in  
expected losses due to a major earthquake rupturing  the Hayward Fault. Fifteen researchers from five 

institutionsðthe USGS, Lawrence Livermore National Laboratory (LLNL), University of California, Berkeley, 
Stanford University, and URS Corporationðhave collaborated on the research, with the USGS taking the lead. 

The work has involved applying three-dimensional numerical modeling to investigate the variation of ground 
motion from a range of possible earthquakes on the Hayward Fault. This type of numerical modeling begins 

                                                      
1 To be precise, the moment magnitude is estimated to be M6.75 but rounded to one significant digit for discussion purposes.  
2 The Rodgers Creek Fault and the Hayward Fault were tr eated as a single fault system in the Working Group on California Earthquake 
Probabilities (WGCEP) study, as the Rodgers Creek Fault is considered a continuation of the Hayward Fault north of San Pablo Bay. 
Therefore, while it was assumed that the  Hayward and Rodgers Creek faults rupture independently most of the time, a small likelihood 
(~5%) was assigned to the scenario where the two fault s rupture together, producing a magnitude 7.4 earthquake.  
3 This estimate includes one standard deviation of uncertainty, ranging between 95 years and 225 years. 
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with a detailed geometry of the fault systems in the Bay Area embedded in a three-dimensional seismic velocity 

model of the upper 20 miles  (32 km) of the Earthôs crust. The seismologists then simulate an earthquake by 

prescribing a particular pattern of slip on the fault and propagating the seismic energy released through the 
crustal model to produce synthetic ground motion seismograms throughout the region . In all, the researchers 

considered a set of 35 scenarios for ground motion calculations , which reflect variations in rupture length,  
hypocenter ( i.e., point along the fault where the rupture initiates), and slip distribution, among other 

parameters. 

From the suite of 35 scenarios, a set of six simulations were chosen for loss modeling. Figures 4(a) through 4(f)  

illustrate the shaking intensity footprints computed from the ground motion simulations for these six Hayward 
Fault earthquake scenarios. Three scenarios represent magnitude 6.8 earthquakes on the southern segment of 

the Hayward Fault, and three represent magnitude 7.0 earthquakes rupturing the entire  length of the  Hayward 
Fault. Each scenario has a different combination of epicenter (point at the surface above the rupture initiation 

location) and magnitude. The alternate scenarios (with epicenters denoted by the researchers as Oakland, 
Hayward, and Fremont for the M6.8 events and San Pablo, Oakland, and Fremont for the M7.0 events) explore 

the effects of the rupture propagation pattern or directivity, including the focusing of the seismic energy in the  
direction of rupture.  These epicenter and magnitude combinations are also selected to explore a range of path 

effects as the seismic waves attenuate from their source.  

The Modified Mercalli Intensities (MMIs) in Figures 4(a) through 4(f) are colored acco rding to shaking intensity, 

with the warmest colors (orange to red) representing the strongest ground shaking. A comparison of the 
footprints illustrate s that the areas of strongest shaking for the M7.0 events (on the right) are generally more 

than twice t he size of the areas of strongest shaking for the M6.8 events (on the left ).  This is consistent with 
the increase in the amount of energy released during a magnitude 7.0 earthquake compared to a magnitude 

6.8 earthquake.  

For epicenters near the northwest end of the rupture [ Figures 4(a) and 4(b) ] , the earthquake s focus energy 

primarily to the southeast. While the areas of strongest shaking for the M6.8 events centered at Oakland 
[Figure 4(a)] are focused within Alameda County toward Santa Clara County, the  areas of strongest shaking for 

the M7.0 event centered at San Pablo Bay [Figure 4(b)]  extend more than fifty miles (80 km) south of Fremont 
and beyond the town of  Gilroy, as well as extending significantly eastward into the Central Valley.  

In the scenarios with epicenters near the center of the fault rupture ðHayward in the case of a South Hayward 
Fault rupture , or Oakland in the case of a full Hayward Fault rupture [ Figures 4(c) and 4(d) ]ðthe earthquakes 

propagate simultaneously to the northwest and south east. For the M7.0 scenario of NW-SE propagation, similar 
to the  M7.0 scenario shown in Figure 4(b), a southern expansion of strong shaking is observed. In addition, the 

buried basins east of San Jose, which trap and amplify ground motion, expand the area of strong shaking.   

For an epicenter near the southeast end of the fault near Fremont [Figures 4(e) and 4(f)], both the M6.8 and 

M7.0 earthquakes rupture unilaterally toward the northwest and the ground shaking is focused in that direction. 
As a result, there is virtually no strong shaking south of Fremont and the concentrations of exposure in Oakland 

and northward along the San Pablo Bay would sustain the strongest ground shaking.  

At the present time, seismologists cannot assess which, if any, of these al ternate scenarios might be most likely 

for the next earthquake on the Hayward Fault or be most representative of the 1868 earthquake.  
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(a)  Oakland epicenter 

 

(b)  San Pablo epicenter 

 

(c)  Hayward epicenter 

 

(d)  Oakland epicenter 

 

(e)  Fremont epicenter 

 

(f)  Fremont epicenter 

Figure 4: Three-dimensional ground motion simulations illustrating potential M odified Mercalli Intensities 
(MMIs) for events of M6.8 or M7.0 propagating from different epicenters (starred locations) along the 
south segment or entire Hayward Fault. Arrows indicate direction of fault rupture propagation or 
directivity.  
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