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ABOVE EXHIBITS: Seismic Waves and SJ;ructural 
Responses. Existing Building in Red. Code­
amendment Building in Yellow. 

TOP Exhibit: Start of Seism. 
BOTTOM Exhibit: Building Shape at Time 70:02. 

STRUCTURAL RESPONSE OF EXHIBIT-BUILDING 
UNDERGOING 7.9 SEISMIC WAVE FROM PARKFIELD CALIFORNIA 

See accompanying Article by Swaminatban Krishnan 



e McQUISTON ASSOCIATES 

6212 Yucca St, Los Angeles, CA 90028-5223 

(323) 4M-6792 FAX same 

consultants to teclmical management 

June 20, 2008 

STATEMENT of J.H. McQUISTON on 
IMMEDIATE DANGER INHERENT in LOS ANGELES 

Honorable Chairman and Members of the Committee: 

Enclosed is a dissertation revealing specifically the danger of assuming B&S can control the safety of 
Buildings in Los Angeles, regardless of permissions granted by planning actions. Uncoordinated planning 
permissions fur a structure will put the safety of its inhabitants and those adjacent to it at mortal risk. 

Though the dissertation posits an earthquake on the San Andreas fault 175 miles away, its movie, enclosed, 
shows the Canoga Avenue structure will be totally destroyed, causing probable deaths. 

The dissertation's analysis represents the technical expertise of our region's "best and brightest 
brainpower". But note that their calculation even under-estimated the damage to the Canoga tower by the 
Northridge quake, and that "Northridge" pales in intensity to those predicted for the Los Angeles area. 

B&S earthquake code-restrictions cannot constrain a builder enough to make this area, this building, the 
building occupants, and the nearby area safe. That is what the enclosure proves. 

There is no way the City may deny a proposed project compliant with Los Angeles B&S Code, except by 
denying variances from planning-code restrictions. Currently there is a substantial risk to the City, since 
there exists no caution preventing over-dependence on the B&S Code to protect the safety of people. 

And safety is what people expect our City to provide. 

Being a registered engineer, and having worked on seismic issues, I know how difficult it is to provide safe 
buildings in the Los Angeles area. But some areas here are more suitable than others for high-rise, dense 
residences. The fault-traces of our three major fault systems, including Hollywood, are not safe areas for 
buildings having ten to twenty stories. 

Better Hollywood-fault uses are low-rise residential, or commercial and industrial uses, where the probability 
of death and/or dismemberment is less a certainty. 

Los Angeles needs to act quickly to establish "zones of high risk", having prudent zoning restrictions, in order 
to protect itself and its stakeholders and populace from physical and financial harm. 

encl: Krishnan, et al Performance Report 
from Earthquake Spectra, Nov 2006 

c: Interested parties 

Respectfully submitted, 

J.H. McQuiston, P.E. 



Case Studies of Damage to TaU Steel Moment-Frame Buildings in Southern 
California during Large San Andreas Earthquakes 

by Swaminathan Krishnan, Chen Ji, * Dimitri Komatitsch, and Jeroen Tromp 

Abstract On 9 January 1857, a large earthquake of magnitude 7.9 occurred on the San Andreas fault, 
with rupture initiating at Parkfield in central California and propagating in a southeasterly direction over a 
distance of more than 360 km. Such a unilateral rupture produces significant directivity toward the San Fernando 
and Los Angeles basins. Indeed, newspaper reports of sloshing observed in the Los Angeles river point to 
long-duration (1-2 mm) and long-period (2-8 sec) shaking. If such an earthquake were to happen today, it could 
impose significant seismic demand on present-day tall buildings. Using state-of-the-art computational tools in 
seismology and structural engineering, validated using data from the 17 January 1994, magnitude 6. 7 Northridge 
earthquake, we determine the damage to an existing and anew 18- story steel moment-frame building in southern 
California due to ground motion from two hypothetical magnitude 7.9 earthquakes on the San Andreas fault. Our 
study indicates that serious damage occurs in these buildings at many locations in the region in one of the two 
scenarios. For a north-to-south rupture scenario, the peak velocity is of the order oflmeter/sec in the Los Angeles 
basin, including downtown Los Angeles, and 2 meters/sec in the San Fernando valley, while the peak 
displacements are of the order of !meter and 2 meters in the Los Angeles basin and San Fernando valley, 
respectively. For a south-to-north rupture scenario the peak velocities and displacements are reduced by a factor 
of roughly 2. 

Introduction 
The risk of earthquakes in southern California arises from two sources: well-mapped-out faults such as the 

San Andreas, Newport-Inglewood, and Santa Monica-Hollywood-Raymond faults that have some form of 
surface expression, and the network of blind-thrust faults hidden deep inside the Earth that includes the 
Northridge fault and the Puente Hills fault underneath downtown Los Angeles. While the San Andreas strike-slip 
fault system has the potential for large (moment magnitude ~8) earthquakes, typically every 200-300 years 
(Sieh, 1977, 1978a), the blind-thrust faults have the potential for more moderate magnitude ( ~ 7) earth- quakes 
(Shaw and Suppe 1996). Fortunately, in modem history the urban areas of southern California have thus far been 
spared from the strongest shaking generated by large strike-slip earthquakes. The magnitude 6.7 earthquake of 
17 January 1994, on the Northridge blind-tbmst fault, however, caused 57 deaths and econoniic losses in excess 
of $40 billion (Eguchi et al, 1998; Petak and Elahi. 2000). This earthquake exposed the vulnerability of steel 
moment-resisting :frame buildings to fracture (SAC, 1995a, b, c). These buildings resist lateral forces from an 
earthquake through bending in rigidly connected (welded) beams and colunms. Because of certain construction 
practices and the nse of nonductile weld material, however, a significant number of connections fractored in 
some of these buildings. Many of the moment- :frame buildings in southern California were constructed be fore 
1976 (EQE International, Inc., 1995), when the understanding of the nature and power of earthquake forces and 
their effects on buildings was inadequate. 

Therefore the question arises as to what would happen to the many tall steel buildings in the Los Angeles and 
San Fernando basins if a large earthquake were to occur on the San Andreas fault. Can we estimate damage and 
consequent losses in these buildings? 

There have been many improvements in building codes and construction practices since 1994, and buildings 
designed according to the latest code (1997 Uniform Building Code, UBC97, ICBO, 1997), termed 
"new/redesigned buildings" in this article, are expected to perform far better than existing buildings, defrned 
as those designed using codes preceding the UBC97. in large earthquakes. Will they. in fact, perform better 
and, if so, is this performance adequate? 

Before we can answer these questions, we need to be able to answer more fundamental questions: for example, 
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what kindofl'lhakingwould be experienced in this region duringsuchaneartbquake? What would the frequency 
content of the ~<baking be? What about the amplilude and duration of significant shaking? We have a qualitative 
feelfortheeictentandintensity of ground sbaldng fromnewspaperreports(Agnewand Sieb,l978; Meltzner and 
Wald, 1998) following the magnitude 7.9 earthquakeof9 January 1857 on the San Andreas fuuit:. However, we 
need estimates of the ground~motion waveforms for performing quantitative seismic-hazard assessment in a 
rigorous manner. 

In this study we combine state-of-the-art computational tools in seismology and structural engineering to 
perfonn a 3D simulation of the rupture of a 290-km section of the San Andreas fault, tbe generation and 
propagationoftheresultingseismic waves, thesubsequentgroundsbaldnginthe Los Angeles and San Fernando 
basins. and the reslilting damage to two 18-story steel moment-frame buildings in the region. Each of these 
parts requires simulation at very different temporal and spatial scales that are best perfunned using task-specific 
software. 

Seismic-wave propagation can be modeled in a linear viscoelastic manner, whereas building damage has to 
be modeled in a nonlinear fashion. A decade ago, Heaton and colleagues (Heaton et al, I 995; Hallet al, 1995; 
Hall, 1998) simulated the near-source ground motions of a magnitude 7.0 thrust earthquake on a spatial grid of 
60 km by 60 km using a vertically stratified crustal model that approximates the rock properties in the Los 
Angeles basin. and then modeled the response of a20-story steel-frame building and a three:-storybase-isolated 
building. Olsen etal (1995) and Graves (1998) simulated seismic-wave propagation generated hy a magnitode 
7.75 earthquake on a different section of the San Andreas fault 

Here we integrate many aspects of the earthquake-structure problem including the finite-source model of a real 
earthquake{fietal,2002,2003),seismic-wavepropagationina3DEarthmodel(Komatitschand Tromp, 1999; 
Komatitsl:h et al,2004; Lin et al, 2004), and 3D nonlinear damage analysesofbuildings using three-component 
ground-motionwavefurms (Carlson, 1999; K.rislman,2003a), validatingtheseproceduresusingreal data from 
a recent earthquake. 

1\!lodell)omain and Building Characteristies 
The seismological domain of our analysis includes all ofsouthero California and extends north into the central 

valley beyond Parkfield, bnt we restricted the engineering analysis to the main sedimentary basins of San 
Fernando, Los Angeles, and San Gabriel (Fig. 1 ). 
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Forthescenariosconsideredinthisstudy, ground motions southoflrvinegoingtoward San Diego are ~nlikely 
to be strong enough to warrant a detailed engineering analysis. The soha circles in tbe figure denote some of the 
~or cities in the .region. We have divided the region nsing a grid spaced at 1/32 of a degree (i.e., about 3.5 
km) each way, with a total of 636 analysis sites. 

Also shown in. tbe figure is thesurfuce projection of the Northridge fanlt that ruptured during the 17 January 
l994earthqllllke. The inset illustrates the region of interest in relation to the San Andreas fault rupture scenarios 
under oonsidemtion. 
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Having said this, no detailed analyses have been perfonned to eonfinn the safety of high-rise buildings 

Fig1lre 2. Structural modelsofthetwo buildings under study: (a) Isometric view uftheexistingbuilding(designed using the 1982 Uniform Building 
Code), (b) isometric view of the new building (redesigned using the 1997 Unifunn Building Code), (e) plan view of a lypical floor of the existing 
building sbowing the localion of columns nnd moment-frame (MF) btllll1lS, nnd (d) plan view uf a lypical floor of the redesig1led (new) building 
Showing the location of co!nnms and ll1<Hilllllt-ftame beams. Note the greater number uf moment-frame bays in the redesigned building. 

Mallytypesofbuildings in southern California are at risk of sustaining damage during strong ground shaking 
from a large earthquake on the San Andreas fault. These include tbe numerous non-duetile eonerete buildings 
and um:einforced masonry buildings spread across Los Angeles. At the same time, the large-amplitude long­
period, long- duration seismic waves that can be expected from a large San Andreas earthquake can excite the 
dominant long-period modes of tall buildings, especially those in the mid-height, 15-30 story, range. 
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40 stories 1111d taller during either large distant earthquakes or moderate near-source earthquakes that could 
generate large displacement pulses at great velocities. It is generally assumed that these buildings, usually with 
dual structural systems offering greater redund1111cy or with tubular structural systems that can counter strong 
wind forces, will be able to resist shaking from a distant earthquake fairly well. 

Within the I 5-30-story class there are more steel buildings than reinforced concrete ones; for example, in 1993, 
there were 190 steel buildings above 8 stories compared with 121 concrete buildings (EQE, 1995) in the Los 
Angeles and Ventura Counties; for buildings in the midheightrangethis ratio is likely to have been more skewed 
toward steel. This is a prototype study, and in such an analysis it is important to target buildings that have already 
been investigated in detail, and whose behavior is well understood, so that a proof of concept can be established. 

Steel moment-frame buildings have been studied extensively since the Northridge earthquake (SAC, 1995a, 
b; Carlson, 1999; Krishnan, 2003b ). Based on these considerations, we have chosen 18-story steel moment-frame 
buildings as the focus of this study. In particular, we have selected two buildings (Fig. 2). 

The base building is an existing 18-story steel moment-frame building located on Canoga Avenue in 
Woodland Hills that suffered significant damage (moment-frame connection fractures) during the 1994 
Northridge earthquake. This building has been the subject of detailed study by many research groups since the 
Northridge earthquake (SAC, 1995b ). 

The second building is similar to the base building, but the structural system (lateral force-resisting system) 
has been redesigned according to the current building code, UBC97 (lCBO, 1997). The 1997 code 
regulations specifY larger design forces (to account for near-source effects) and call forgreater redundancy in 
the lateral force-resisting system. This results in a greater number of bays of moment frames (a single bay of 
a one-story moment frame consists of an assembly of two colunms and a single beam spanning from colunm to 
colunm; for a 20-story building this assemblage would be replicated for each story, one on top of the other). As 
a result, the dynamic properties of the two buildings are significantly different. In general, the redesigned 
building can be expected to perform better than the existing building in the event of an earthquake. The 
description of the two buildings, the design methodology for the new building, and the detailed comparison of 
the two buildings in terms of dynamic properties, static strength, and ductility, have been presented in an online 
report (Krishnan et al, 2005). 

Numerical Simulation of Ground Motion 
The two techniques adopted by seismologists to simulate ground motion consist of either a deterministic or an 

empirical approach. In the deterministic approach, the elastic wave equation is solved numerically in a realistic 
3D Earth model and the ground motion is directly computed without any additional assumptions. In the case of 
the Los Angeles basin, the accuracy and frequency limitations depend on the quality of the 3D Los Angeles 
basin model, which has improved steadily during the past decade, and on the numerical resolution of the 3D 
seismic wave propagation simulation. 

For our study, we have used one of the two well-accepted 3D southern California Earth models, the 
Harvard-LA model (Siiss and Shaw, 2003), the other being the SCEC Community Velocity Model (Magistrale 
eta!, 1996, 2000; Kohler et al, 2003). Both models allow us to model the basin response down to a shortest 
period of approximately 2 sec (Komatitsch et al, 2004). The Harvard-LA sedimentary basin model (which 
includes the crust and the upper mantle) is constrained by hundreds of petroleum industry well logs and more 
than 20,000 km of seismic-reflection profiles. A limitation of both Earth models is that the top soil layer, also 
called the geotechnical layer, is not included because of lack of sufficient data and the numerical complexity 
associated with low shear-wave speeds in this layer, which would requite a very dense numerical grid to ensure 
correct sampling of the corresponding seismic wavelengths. This typically softer layer may have the effect of 
amplifying the ground motion (Haskell, 1960; Anderson et al, 1996). 

Having said this, the buildings that we analyze are long-period structures most affected by long-period waves 
with wavelengths fur greater than the depth of the unmodeled soil layer; these waves simply do not see the layer, 
and as a result, the effect of the top soil layer on the simulated ground motion (with periods longer than 2 sec) 
is likely to be insignificant. Furthermore, maps of the geotechnical layer do not currently exist for southern 
California. A final limitation is that 3D seismic-wave propagation codes that can handle a geotechnical layer 
are eurrcatly not available. Including the geotechnical layer, when a model becomes available, will require the 
consideration of very high frequencies and much higher resolution, and therefore the numerical cost would be 
high. 



The second commonly used seismological approach consists of generating broadband groood motion through 
empirical methods that combine a stochastic approach at high frequencies with a deterministic approach at low 
frequencies (e.g, Graves and Pitarka, 2003; Graves, 2005). These methods are still nascent in their development. 
They are tailored for a given earthquake and have to be retuned on a case-by-case basis. Being empirical, they 
cannot be proved or validated consistently for various types of earthquakes. 

In this study, we take a deterministic approach to simulate ground motion based on the spectral-element 
method (e.g, Komatitsch and Tromp, 1999). The numerical simulations, which account for 3D variations of 
seismic-wave speeds and density, topography and bathymetry, and attenuation, are carried out using our 
open-source seismic-wave propagation package SPECFEM3D (www.geodynamics.org). The methodology 
adopted therein has been shown to reliably model ground motion down to a period of approximately 2 sec, using 
data from recent earthquakes (Komatitsch et al, 2004: Liu et al, 2004). The simulations do not consider 
scattering of the wave field from city buildings (e.g, Clouteao and Aubry, 2001 ). 

Building Damage Analysis 
The nonlinear time-history analyses of the building models are carried ont using a fiuite-element program, 

FRAME3D (Krishnan. 2003a: see www.frame3d.caltech.edu for details). The particular 3D elements used by 
the program to model beams, colunms, and joints in buildings have been shown to simulate damage accurately 
and efficiently (Krishnan, 2003b ). Material nonlinearity resulting in flexural yielding, strain hardening, and 
ultimately ruptoring of steel at the ends of beams and colunms, and shear yielding in the joints (also known as 
panel zones) is included (Krishnan and Hall, 2006a,b). 

When the forces from an earthquake displace a building laterally (A), the gravity loads (P) acting vertically 
downward cause a second-order overturning moment on the structure about its base, in addition to the 
overturning moment caused by the lateral forces themselves. This is termed the P - A effect and can lead to 
global instability of the building. The FRAME3D program incorporates geometric nonlinearity, which enables 
the modeling of the global stability of the building, accounting for P - A effects accurately. 

The fracture mode of failure is included in counections, but local flange bucliling in beams and columns is 
not. Colunm splices can he incorporated into the model, but they are excluded in this study. Soil-structure 
interaction (SSI; e.g, Stewart et al, 1998; Tri:funac et al, 2001) is not included in the analyses. Dynamic nonlinear 
SSI is not a well-understood phenomenon because of the lack of recorded data and the difficulty in designing 
accurate numerical tools to study it. 

One of the few real-world examples of extensive SSI research is a 14-story reinforced concrete storage build­
ing in Hollywood constructed in 1925 (Serino, 1989; Fenves and Serino, 1990; Tri:funac et al, 2001). These 
studies indicate that the change in various structural-response parameters in this building during the 1 October 
1987, magnitude 5.9 Whittier Narrows earthquake dne to SSI could have been up to 20%. SSI is an active area 
of research and should be incorporated into future studies of this kind. 

Assessing Building Damage 
The primary structural-response parameter that is used to evaluate structural performance is the interstory drift, 

which is the difference in displacement between the top and bottom of a story nonnalized by its height. The 
interstory drift is a good indicator of how far the building is from P -.A instability and collapse. It is also 
closely related to the plastic rotation demand on individual beam-colunm connection assemblies; that is, the 
greater the yielding in the beams, colunms, and joints, the greater this interstory drift would be, reducing the 
stability of the building. 

Because there are very few usable data to assess the performance of tall buildings based on calculated drifts, 
we take an empirical approach proposed by the Federal Emergency Management Agency (FEMA). For 
rehabilitation of existing buildings, FEMA 356 (FEMA, 2000a) defines three performance levels: 

Immediate Occupancy (TO) refers to a post-earthquake damage state in which very limited structural 
damage has occurred. The risk oflife-threatening injury as a result of structural damage is very low, and although 
some minor structural repairs may be appropriate, these would generally not be required prior tore-occupancy. 

Life Safety (LS) is a post-earthquake damage state that includes damage to structural components but retains 
a margin against onset of partial or total collapse. 

Collapse Prevention (CP) refers to a post-earthquake damage state that includes damage to structural 
components such that the structure continues to support gravity loads but retains no margin against collapse. 
For existing buildings, the interstory drift limits for the 10, LS, and CP performance levels specified hy FEMA 
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are 0.007, 0.025, and IUS, respectively. For the design of new steel moment-frame buildings, FEMA 350 
(FEMA, 2000b) defmes only two performance levels, the IO and Cl" levels. For buildings taller than 12 stories, 
the interstory drift limits for these levels as specified therein are 0.01 and 0.06, respectively. 

In the existing building, we also take into account the fracture mode of fuilure in the beam-to-colunm 
counections that was widely observed during the Northridge earthquake. The details of the fracture models can 
be found in Krishnan et al (2005). The fracture index representing the percentage of cormections in the building 
that fractured is also used in this study to assess existing building performance. Since the Northridge earthquake, 
this defect has been corrected and we do not expect this mode of failure to happen in buildings built recently 
or today. 

Validation of Numerieall"rocedures 
The magnitude 6. 7, 1994 Northridge earthquake was widely recorded at seismic stations in southern California. 

Although many research groups have determined kinematic fault models by fitting seismic- waveform data (e.g, 
Hartzell et al, 1996; Wald et al, 1996), we use a wavelet transform approach (Ji et al, 2002) that can extract 
more information about slip heterogeneity by simultaneously considering both the time and frequency 
characteristics of the waveforms. The resulting finite-source model is shown in Figure 3. Using the 
spectral-element method (e.g., Komatitsch and Tromp, 1999) we simulate ground motion generated by our 
finite-source model of the Northridge earthquake. 

Figure 3. Slip model for the 17 Januazy 1994, magnitude 6. 7Northridge earthquake determined with a wavelet transfOrm approach. The star deuotes 
the hypocenter and tlte white arrows denote the slip vector. The dip angle ofthe fault is 40 degrees (see Fig. I for the surfaee projection oftlte fault). 
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For the Northridge simulation, in addition to the 636 sites 
considered in this study, we compute seismograms at seismic 
stations in southern California that actually recorded the 
shaking during the earthquake. The synthetic seismograms 
(red) are compared against the recorded data (black) at distant 
stations (Fig. 4a) and at nearby stations north of the fault (Fig. 
4b ). All the waveforms are lowpass filtered at a comer period 
of2 sec. The synthetic seismograms capture the large pulses 
at the nearby stations, and there is a very good match in most 
waveforms corresponding to distant stations. 

Although there is sufficient ground-motion data to validate 
the seismological component of our procedure, the same is not 
true of tall-building performance. Not many tall buildings in 
the region were instmmentedatthe time. One building that was 

pt'$'il!iij'U! !f'·f:r: 1'1'""~ em instmmented was the previously described 18-story steel 
0 25 50 75 100 125 150 175 200 moment frame building in Woodland Hills built in 1984. 

Many connections in the lateral force-resisting moment 
frames of this building fractured (SAC, 1995b ). There was a three-component accelerometer on the 18th floor 
of the building that recorded the floor acceleration (Darragh et al, 1994). Unfortunately, the closest free-field 
seismometer was the Oxnard Boulevard station (WHOX) in Woodland Hills, located about 800 meters away from 
the building. 

We analyze the building model for shaking from the recorded three-component ground motion (Darragh et 
al, 1994) using FRAME3D. The computed displacements at the 18th floor in the north-south and east-west 
directions are compared with the corresponding measured displacements in Figure 4c and d. The computed peak 
displacement in the north-south direction is within 5% of the measured displacement, but the peak displacement 
in the east-west direction is off by a factor of 2. There is a minor lengthening of the period in the measured 
displacement that is not captured by the computed displacements. Also, the measured displacement attenuates 
faster than the computed displacement. 

es difi1 ences could be du 
ma 



These differenees could be due to any or all of the following fuctors: fbi;: ground motion used inlhe analysis 
wm; not recorded at lhe base of fbi;: building but 800 m away; the instrument at lhe roof was maintained by fbi;: 
owner of fbi;: building and its reliability is therefore uncertain; rocking of lhe building about its base (due to fbi;: 
finite stiffuess of fbi;: soil), 'Which is not included in fbi;: fixed-base structural model, could contaminate lhe 
displacement record measured at lhe roof and lhe observed period may actually be a combination of purely 
translational and rocking modes; as damage accumulates in a building during an earthquake, (nonhysteretic) 
damping ittcreases siguifieantly. In our structural model, while hysteretic damping is modeled accurately in a 
nonlinear fushion, nonhysteretic supplemental damping is considered to be viscous and linear, and as damage 
accumulates, it does not increase correspondingly. Greater details, including fbi;: comparison of observed and 
computed distributions of :fractures in lhe various momeut frames, ean be fonnd in Krishnan et al (2005). 

From lhis description, fbi;: limitations of our validation studies are obvious. Whereas lhe validation is based 
On.lhe maguitude6.7Nortlnidgeearthquake, fbi;: scenario earthquakes simulated belowareofmaguitude 7.9 (i.e, 
with energy release about two orders of magnitude greater). Similarly, fbi;: source mechanism of fbi;: Norlhridge 
eatlhquake was a lhrust mechanism lhat did not break lhe surfuce, whereas fbi;:. San Andreas simulation has a 
strike-slip source mechanism wilhsurface break. Furthermore, lheamountof datacollectedduringlhe Norlhridge 
earlhquake, especially wilh regard to buildings, is fuirly limited, and lhis restricts lhe extent to which lhe 
numerical procedures ean be convincingly validated. 

Having said this, validation. is a critical element of studies such as this and data from future eatlhquakes will 
inevitably play a cmcial.role in improving lhe numerical procedures. 
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Figure 4. Simulation of the 17 January 199'4, magnitude 6.7 Northridge earlhquake. (a) Data(bhn:k) Ve<sUS synthetic seismograms (red)----<lislllllt 
stations. (b) Data ·versus synthetic seismograms-nearby stations north of the rupture. {C) and (d) Measured 13"' floor north-south and east-west 
displacements v= corresponding compuled displru:ements using the unf'iltlired WHOX reconl (station located 0.5 mile from building)-existing 
building in Woodland Hnls. 

Eff'eet of Excluding Ground Motion High-Frequency Content 
As mentioned earlier, ground motion simulated using SPECFEM3D in lhe Los Angeles basin has been shown 
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to ~~down to aperiod of approximately 2 sec. Because of this limitation, all the computed broadband 
time histories are lowpass filtered with the comer period at 2 sec (in practice. bandpass filtered between 2 sec 
and 1000 sec). Thefilteredground~motion records are usedasinputtothe building analysis software. However, 
buildmgresponse is a .fitnction of the entire frequency band of the ground motion with the building's higher 
modesconespondingtoshorter periods excited by high-frequency ground motion. The question arises, therefore, 
as to what the effeet of exektding the high-frequency ground motion is on the response of the considered 
buildings.~ dominant modes of tall buildings ofthetypeconsidered here have periods greaterthan2 sec 
it is theorized that the effect of the higher frequencies on the ground motion may not have a $ignific(lfltin'lpact 
on. their response. To confirm this,. we perform the following study: we take a total of 13 three-component 
records from the 21 September 1999. magnitude 7. 7 Chi-Chi earthquake in Taiwan, and the 25 September 
2003, ~tode 8.3 Tokachi-Oki earthquake in Japan. We lowpass filter these .records with a comer period of 
2 sec We then. compare the responses of the existing and redesigned buildings to the filtered and unfiltered 
records. 
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Figuw $: Analyses of the exiSting and redesigned buildings subject to 13 unfiltered and lowpsss-tiltered records from the 21 September1999, 
tr~agnil.ude 1.1 Clli-Oti eartbquslre in Taiwan, and the 2S Sqltember2003, ~ 8.3 Tokscbi-Oki eartbquslre in 1~: eont)llltl:d pellk driftS 
inlltebulldiJignsingfillered reconlsveJSUS those using unfille!'ed reconlsTheclosealignmentoflbepoillls with the diagonal indicates tltat lbeeffect 
ofhigher-fteqnency grrnmd mo1ion (periods (.<2 sec) on lben::sponseofthetall buildings considered in this stody is not significant and can besafuly 
ignored. 

Shown in Figure 5 are the peak drift ratios computed in the existing and redesigned buildings using the filtered 
reoordsplottedagainstthose computed usingthecorrespondingunfilteredreoords.Ifthe high frequency ground 
motion had no effect whatsoever on the response of the building, then all the points would full on the diagonal. 
Thefuctthatall the points are aligned quite closely with the ~onal indicates that the effect ofhigh frequency 
gi'OOil.d motion (the range of frequencies not included in our simulation) on the tall-building response (for the 
buildings cousidered.here) is not significant and can be safely ignored. 

In essence the initial S wave damages the tall building, and this leads to a softening of the structure, thus 
shifting the natural frequency spectrum of the building further into the long period regime, reducing even more 
the effect. of the high-frequency content in the ground motion. 

San Andreas Simulation: North-to-South Rupture Soun:e Model 
For the San Andreas simulations it is critical to have a realistic source model (slip distribution in time along 

the fuult). The Denalifunltsystem in Alaska is geometrically similar to the San Andreas funlL On :3 November 
2002, a magnitude 7.9 earthquake occurred on this fault system. It initiated as a magnitude 7.1 thrust event on 
the Susitna Glacier funlt, quickly changed to a strike-slip mode of rupture, and propagated southeastward along 
the Demdi fault for 218 km belbre jumping to the Totschunda fault and continuing further fur about 76 km. 
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CASE STUDY ILLUSTRATIONS 
These are .stopped-motion pictures of Seismic Responses 

See Krislmtm: Case Studies ofTall Steel Monumt~Framt! .Buildings in So. Collf 

1. So. Calif. At Start of 7.9 Quake at Parkfield, CA (NW ofBakersfield) 



CASE STUDY ILLUSTRATIONS 
These are stopped-motion pictures of Seismic Responses 

See Krishnan: Case Studies ~(Tall Steel Moment-FrllliW Buildings in So. Calif. 
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2. Building At Slart of7 .9 Quake at Parkfield. CA (NW ofBakersfield) 



CASE STUDY ILLUSTRATIONS 
These are stopped-motion pictures ofSeismie Responses 

See Krishnan: Case Studies ofT all Steel Moment-Frame Buildings in So. Calif. 
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3. Existing Building Collapses during 7.9 Quake at Parkfield, CA (NW of Bakersfield) 



CASE STUDYILLUSTRATIQNS 
These: are: stopped-motion pictures of Seismic Re:sponse:s 

See Krishnan: Case Studies ofT all Steel Moment-Frame Buildings in So. Calif. 

4. Distortions in Ground Waves during 7.9 Quake at Parkfield, CA (NW of Bakersfield) 



CASE STUDY ILLUSTRATIONS 
These are stopped-motion pictures of Seismic Responses 

See Krislman: Case Studies ofT all Steel Moment-Frame Builtlfngs in So. Calif. 
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5. Code-upda~ Building. Fails during 7.9 Quake at Parkfiel(l.CA (NW of Bakersfield) 



CASE STUDY ILLUSTRATIONS 
These are stopped-motion pietures of&lismic Responses 

See Krishnan: Case Studies of Tall Steel Moment-Frame Buildings in So. Calif. 

6. Seismic Waves Recede in City during 7.9 Quake at Parkfield, CA (NW of Bakersfield) 



CASE STUDY ILLUSTR.ATI()NS 
These are stopped•motion pietures of Seismic Responses 

See Krishnan: Case Studies of Tall Steel Moment.:Frame Buililings in So. Calif. 
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7. Collapsed or Condemned Building after 7.9 Quake at Parkfield, CA (NW ofBakersfield) 



A NEW FORECAST OF CALIFORNIA EARTHQUAKES 

The 2007 Working Group on California Earthquake Probabilities (WGCEP 2007), a multi-disciplinary 
collaboration of scientists and engineers, has released the Uniform California Earthquake Rupture Forecast 
(UCERF) - the first comprehensive framework for comparing earthquake likelihoods throughout all of 
California It provides important new information for improving seismic safety engineering, revising building 
codes, setting insurance rates, and helping communities prepare for inevitable future earthquakes. 

In developing the UCERF, the 2007 Working Group revised earlier forecasts for Southern California (WGCEP 
1995) and the San Francisco Bay Area (WGCEP 2003) by incorporating new data on active faults and 
animproved scientific understanding ofhow faults rupture to produce large earthquakes. It extended the forecast 
across the entire state using a uniform methodology, allowing for the first time meaningful comparisons of 
earthquake probabilities in urbanized areas such as Los Angeles and San Francisco Bay Area, as well as 
comparisons among the large fuults in different parts of the state. 

The study was organized by the Southern California Earthquake Center, the U.S. Geological Survey, and the 
California Geological Survey, and it received major support from the California Earthquake Authority, which 
is responsible for setting earthquake insurance rates statewide. During the three-year study, advice and comment 
was sought from the broader community of earthquake scientists and engineers through open meetings and 
workshops. Where experts disagreed on aspects of the forecast, alternative options were accounted for in 
calculations to reflect these uncertainties. The final forecast is a sophisticated integration of scientific data and 
expert opinion. 

UCERF Earthquake Probabilities 
According to the new forecast, California has 99.7% chance of having a magnitude 6.7 or larger 
earthquake during the next 30 years. 
The likelihood of an even more powerful quake of magnitude 7.5 or greater in the next 30 years is 46%. 
Such a quake is more likely to occur in the southern half ofthe state (37% chance In 30 years) than in the 
northern half(lS% chance in 30 years). 

The probability of a magnitude 6. 7 or larger earthquake over the next 30 years striking the greater Los 
Angeles area is 67%. 

For the entire California region, the fault with the highest probability of generating at least one magnitude 6. 7 
quake or larger is the southern San Andreas (59% in the next 30 years). 

Earthquake probabilities for many parts of the state are similar to those in previous studies, but probabilities 
calculated for the Elsinore and San Jacinto faults in southern California are about half those previously 
determined. 

For the northwestern part of the State, a major source of earthquakes is the offshore 750-rnile-long Cascadia 
Subduction Zone, the southern part of which extends about 150 miles into California. For the next 30 years there 
is a I 0% probability of a magnitude 8 to 9 quake somewhere along that zone. 

The UCERF model includes the concept that earthquake likelihoods change with time. A fault that has 
ruptured in a recent large earthquake is less likely to produce another quake in the near future, because tectonic 
stress has not had time to build back up. Likewise, a fault that last ruptured a long time ago is more likely to 
produce an earthquake, because the stress on the fault has had time to re-accumulate. The faults with elevated 
probabilities for an earthquake include the southern San Andreas and Hayward-Rogers Creek Faults. 



Earthquake Forecasting, Hazard, and Risk 
Californians know their State is subject to frequent-and sometimes very destructive- earthquakes. Accurate 
forecasts of the likelihood of earthquakes can help people prepare for these inevitable events. Because scientists 
cannot yet make precise predictions of the date, time, and place of future quakes, forecasts must be in the 
form of the probabilities of quakes of certain sizes occurring during specified periods of time. 

Earthquake probabilities derived by scientists can help people plan and prepare fur future quakes. When an 
earthquake occurs, two things happen. The first is a fault rupture-- a crack in the Earth's crust- gives way and 
slips under tectonic stress. The second is the radiation of seismic waves caused by this sudden fault motion, 
which spread out like ripples from a pebble tossed into a pond. The ground shaking that occurs as these 
seismic waves pass by causes most of the damage. The strength of the waves at a particular site depends on 
the earthquake's magn itude, which measures the size of the fault rupture, the distance of the site from the 
rupture, and the local geological conditions at the site. 

The UCERF study has determined the probabilities that different parts of California will experience 
earthquake ruptures of various magnitudes ("earthquake rnpture forecast") but not the likelihood of 
shaking that will be caused by these quakes ("seismic hazard"). This is an important distinction, because 
even areas with a low probability of fault rnpture can experience shaking and damage from distant, 
powerful quakes. 

The U.S. Geological Survey is incorporating the UCERF into its official estimate of California's seismic 
hazard, which in turn will be used to update building codes. Other subsequent studies will add information 
on the vulnerability of manmade structures to estimate expected losses, which is called "seismic risk." In 
these ways, UCERF will help to increase public safety and community resilience to earthquake hazards. 

The results of the UCERF study serve as a reminder that all Californians live in earthquake county and 
should therefore be prepared (see Putting Down Roots in Earthquake Country) Although earthquakes cannot 
be prevented, the damage they do can be greatly reduced through prudent planning and preparedness. The 
ongoing work ofthe Southern California Earthquake Center, U.S. Geological Survey, California Geological 
Survey, and other scientists m evaluating eanhquake probabilities is part of the National Earthquake Hazard 
Reduction Program's efforts to safeguard lives and property from the future quakes that are certain to 
strike in California and elsewhere in the United States. 
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Labor market risks of a magnitude 
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1l"""il!!'""~he ShakeOut Scemttio 
is a progmn developed 
by the U.S. Geological 

Survey (USGS) to examine the 
implicatiOIIS ofa ~tude 
7.8 earthquake in southern 
Califumia and to help people 
and organizatiOIIS become better 
~ befon:;the next. big 
earthquake. Acoordingto USGS, 
the most libly SOU® of a large 
earthquake in Califomin is the 
southern segment of the San 
Andreas Fault, which runs through 
the heavily populated counties 
of Los Angeles, Riverside, and 

San Berrtardino.1 The southern 
section of the San Andreas Fault 
has not ruptured fur more than 
300 yem-s, although evidenee 
indicates that a large earthquake 
has occurredoo the filultevery 150 
years, oo average. The ShakeOut 
Scenario simulated a magnitude 
7.8 earthquake oo.the southern 
San Andreas Fault,. and the 
program's scientists determined 
this hypothetical earthquake would 
create very stmng to severe shaking 
and cause moderate to heavy 
damage across seven southern 
California counties. 

The 7 southern Califumia counties 
that would he most affi;cted by the 
earthquake are home to 621,000 
business establishments, 6.3 
million employees, and an ammal 
payroll of $303.3 billion, according 
to data from the Quarterly Census 
ofEmployment and Wages 
(QCEW) published by the U.S. 
Bureau of Labor Statistics (BLS). 
The inset of map 1 delineates the 
shaking intensities that could occur 
as the result ofa magnitude 7.8 
earthquab oo the southern San 
Andreas .Fault, as measured by 
the Modified Mercalli Intensity 
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{Wdl). scale.. Whenemploymtmt 
and wages data .fto.m the QCEW 
are spatially·~ with the 
shaking intensity zones provided 
by the ShakeOut Scenario, we 
are able to tabulate the potential 
business and labor market risks 
fto.m. a major earthquake, as 
shown in the larger part of map 
I. OUr <UlalYsis includes both the 
exposure acrQSSthe seven southern 
California~ and the impact 
on industry groupings. 2 

In this repott, we analyze. and map 
QCEW data m assess the potential 
business and economic losses .if 
a 7.8 m~deearthqaake were 
to occur in southemCalifurnia. 
This. report may be used to inform 
individuals, schools, busin~ 

~ .. ·~~··nfendy~· 
8efflmlc inten$ity is ~ ffi¢asU~ ·or·t!le effects. of®i~~cat 
differ~.sil:~ Inwnsii.J differs·.~··maSf.litude··ill~Jthe.effects 
of•·$)' one~uake ~ ~~tJY f~place fOJ'~• so there 
m~ .·f.le····~·. inremity. v.ahle~melmll:ed · frQm.·. one .• earthquak:e. 
:Eailh ~~e, on the ~ l!<md, should .fu!Y1:· just one 
~~(often m«ts~by ~bemOirlelltmagni~~Ol' ·"' 
tile· Ri•er .scale}. The M~ MeN!!IU Intensil:y (M,Ml} scale· 
i$ eonnnomy used to gauge tbe Sl.Werjty of eartbt}l£lllre effects. 
l~ellliity ratings are exP~u*lfm\aiJ. 1JumemlS~ lat 
the l~ d~ctiVe and ~iat tJ.te most destnleijW, At MMJ.­
Vll, while ®mli!se nu1y .be. ~in~i:dly ~ign~·strnet~. 
there ·is.·~. considerable iklllllSe and parti~tl OOII!lPSC even in 
sullstmlti!ll ordinary l:>uil~s,.. . 

organizations, eommonmes, and 
governments ab<!ut the effects 
of a major earthquake in their 
commanities. 

Twodatasets were merged to pre­
pm-e for the analysis: a seo:gtapbic 

Mopl: &mp~o)l'«!t$in Shakin9·Jntensllv zonedoto ~cotmagnilude 1.$~~ on 
lbe·seulhem Son Andreos foult 

Nole:thec!us!erofalleolo!soo the main mapdel'lo!e density of estob!fsllmenls: lhecoloo of the dusters deno!eln!ensl!y of shol<ing:zone. 

SOur~ U.S.!l<Jleau o! toborStofislics.. QUQT!;:ffl C<lOOlS of E;omings ond Woges {QCEW) program geocoded dato 



file with shaking intensities from 
the USGS and an establishment­
level micro dataset containing em­
ployment and wages from QCEW. 
The geographic file of intensities, 
which uses MMI scale measure­
ments, gauges the effects of an 
earthquake at various distances 
from the fault rupture. The MMI 
scale ranges from I (not felt) to XII 
(total damage).' The analysis in 
this report will focus on those areas 
with estimated shaking intensi-
ties ofVU and higher on the MMI 
scale, that is, areas of very strong 
shaking and moderate damage to 
areas with severe shaking and mod­
erate to heavy damage. 

The QCEW microdata contain 
geocoded establishment data, 
including the employment and 
wages associated with individual 
business firms as of the first quarter 
of20l0. Approximately 92 percent 
of all businesses, employment, 
and wages in the microdata 
were geographically coded and 
used in this report, therefore 
the results of the presented 
analysis understate the actual 
labor market risks. This dataset 
is then overlaid by the USGS 
shaking intensity file to tabulate 
the exposures to establishments 
and the employment and wages 
attributed to those firms. 

limitations of the analysis 

Our analysis of business exposures 
that are attributable to earthquakes 
has certain limitations. The MMI 
values describe damage levels 
ranging from predominately 
light damage to widespread 
heavy damage. Even in the most 
damaged areas, not all businesses 
will sustain damage that will soon 
curtail their activities and some 
businesses that lose capability 
will return to normal operations. 

Thus, gauging economic impact 
by projected MMI levels may 
overstate the business interruption 
or losses that will occur. 

However, direct damage to a 
region's businesses understates the 
interactional effects on customers 
or suppliers inside and outside the 
damaged areas. Some businesses 
cluster in regions to be near their 
customers and suppliers. If this 
relationship is interrupted by an 
earthquake, both customers and 
suppliers could be severely affected 
or even put out of business. The 
expected loss of life and damage 
to infrastructure and utilities 
may also interrupt the flow of 
goods and services in southern 
California and the United States as 
a whole because the area is a vital 
transportation hub for shipments by 
air, water, rail, and truck. 

The earthquake in the ShakeOut 
Scenario would have broad 
impacts beyond the labor market, 
creating greater losses inside and 
outside the region than can be 
estimated using only MMI scales 
and damage zones. USGS has 
estimated the economic losses of 
the ShakeOut Scenario earthquake 
to be approximately $213 billion,' 
when accounting for the direct 
and indirect earthquake impacts. 5 

In addition, as mentioned earlier, 
businesses that were not geocoded 
in the QCEW database were 
excluded from this analysis, so the 
results presented here represent a 
lower bound estimate of the at-risk 
labor market 

Analysis 

The southern segment of the 
San Andreas Fault runs directly 
through the heavily populated 
Los Angeles, Riverside, and San 
Bemardino counties. These are 

3 of the 4 most exposed counties 
in the region in terms of potentia! 
damage from earthquakes 
occnrring on the fault. These 
counties comprise a population 
of 17 million inhabitants over a 
32,000 square mile area, with most 
of the population and businesses 
located in Los Angeles and Orange 
Counties and the western parts 
of San Bernardino and Riverside 
Counties. (See table !. ) 

Total exposures in the 7 counties 
in southern California that are 
in the very strong shaking zone 
(MMI VII) and destructive shaking 
zone (MMI VIII or higher) 
include 434,000 employers, over 
4.5 million jobs, and annual 
wages of $206.5 billion. In the 
wide area circumscribed by both 
zones, the business, employment, 
and earnings exposures would 
fall primarily upon the counties 
of Los Angeles, Orange, San 
Bernardino, and Riverside, with 
Los Angeles County having the 
most exposures and Riverside 
County having the least. These 
four counties account for more 
than 99 percent of all exposures in 
the shaking zones. More than half 
of the employment and earnings 
exposure in the destructive 
shaking zone (MMI VIII or 
higher) would fall in Los Angeles 
County alone. Approximately 3 of 
every 5 businesses affected in the 
destructive shaking zone are also in 
Los Angeles County. 

As shown in table 2, the percentage 
of each county's economic base 
that is considered to be at risk 
during an earthquake varies greatly. 
Although about 70 percent of 
all businesses, employment, and 
wages across the 7-county area 
are exposed, 4 of the 7 counties 
in the scenario are estimated to 
have business and labor-market 
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County 

Kem 900 

lOS A~ 98.29() 188.7SJ 4'1.670 f>M 

O«lnQ$ 13,400 l$3.l00 $,2$() ~.570 Sl:Z.SOO 3'1.~ 21.3 

'~ 9J:lSO ttl$,iQI:l '1.020 23/>70 ~;Oro H:Jlltl ·8,9· 

Sonllemordino 560 5,100 220 42,6:ZO 507.300 ]9,000 lL3 

YE!nl\l!d 970 H.OOO .35iJ 360 3.'iioo tzo . .3 

MoyootSt~mk>loto!duelo · 
presented in !his toble for estobf!Shment, employment. and wages ore a lowerboood o MM~Vll+ shaking. 

SOurce: U.S .. Sureau of labor Stat~ Quorterty Census of Eamihgs arid Wages {.OCEw} progrom. 

e~s:\lnlS of72 ~or more. 
The county with me greatest 
exposureasa~ofitstotal 
businesses, employment, and 
wages i$San ~ino, with 
96 percent of its businesses, 
employees, and wages located in 
.the very strong« severe shaking 
zooes in the. nwdeled earthquake. 
River$i<le C6unty is at risk for the 
next greatest elt.[J0SUle. with.15 
pen1ent of all businesses in the very 
strong or severe shaking zones. Los 
Angeles and Orange eowties !roth 
have 73 percent of their businesses, 
employees, and wages located in 
the very .strong to severe shaking 
zones. Imperial Cmmty overlies 
a portion.ofthesouthem san 
Andreas Fault, but has relatively 
little exposure in the scenario 
analyzed here, as the ellrtllquake's 
waves lire expected to mdiate 
towards the northwest, away from 
Imperial County. 

Just as 1he exposure to vm:IDus 
comities ranges widely, the 
expomres for southern California 
industries v.tll}' ~the board. 
The. earthquake would affect a 
large number of jobs in health care 
(522,000}, retm1 tl'ade (504,000), 

manufa~ (486,000), and 
educational services (409,000). 
(See table 3.)Aikr a disaster, 
functioning hospitals and medical 
fucilities wilt be critical. The 
shaking zone map.tabulations 
show that 12 percent of health 
care workers are located. in the 
shaking zones. mat lire expected to 
eJq>erl\lllW tlte most damage. In 
addition to this geographic hazard, 
a.recent study found structural 
weaknesses in many hospitals 
in California, particularly in the 
southern part of the state,6 With the 
exception of the agriculture and 
mining industries, every industry 
within the seven-county area conld 

Kern 
· i.oaAnQeklS 
Orange 

.Ri'Jmid<l! 

S<ln~!OO 

. Ven\tJrQ 

Source: U.S. Bureau of Labor Statistics, 
progrom. 

8 

"IS· 
7;> 

75 
96 

6 

ltave lt!Ore tl!;m half of tll¢ir total 
employment located in the very 
strong to severe shaking zones. The 
potential economic consequences 
toemp~ and workers in 
southern• California lire widespread 
and are likely to have an effect 
on the stat;eecoomny and, in tum, 
the national economy becanse of 
the mr-~hing eeooomic ties 
between. firms and industfies in 
Califumia.artd beyond. This strong 
relationship between the southern 
Catiforni;~ economy and the rest of 
thewotld is demonstrated by the 
large percentage ofintemational 
shipments that come through the 
Los Angeles and Loog Beach 

9 

74 
77 

79 

96 
6 

Census o! Earnings ond WOges 

69 
74 
79 

97 

4 

• 



RetQittr<:id\11 
• Mpnufaciulihg. 

EdvcQ!lonol ~!'\~ices 
A~.<:tnd·food 
si!!Mc;e1; 

Admii'llslrolive <;tndwosle 

~~ 
OthefseM=. except pubfic 
administrotion 

··Pill>fessiqru:)l<:tnd~ 

·~· 
Publicli:dmin!slrQ!lon 

· Transportmion ano warehousing · 

Consfrut;;tion 

~e<:tnd~e 

lnfonnotion 
.· A®.llin!ert¢i®lem, l'.ltl¢ 
··.~ 

Real estote ¢md rental and 
leos!ng· 

Ma~ntof<::QtnpcmfeulrldJ 
•EI!'!t~ 

Ul!llties 

, AQrituliQ/~.fistling <:tnd 
· huntil'lg 

Uncfoss!fied 
•·~·~inQ..ondoll<!nd 
·gQs;&XI~. 

ltusiness 
estoblishments 

2l!.()Q(l 
32,120 

11M 50 

6,960 

179,400 

29.300 
1,230 

·6;840 

i9.200 

~~ 

5.540 

12.120 

i;!)4a 

15,15() 

oflhe doiOSE!t. ligures presented in !his table 
exposures from a MMt-Vll+- shaking. 

521,9QO 23,740 12 72 
503,700 14,060 H 7l 

479.600 23,$4() n 17 

406.600 20;120 9 11 

3/'Q,}l)Q 6.400 8 ~. 

3()4,SQO $',100 7 76 

2$7.000 13;550 6 19 

255.300 6,120 6 72 

231MOO 16.480 5 61 
201.200 13,160 4 $3 

190 •. 500 1}.420 4 74 
l7/,000 8,740 4 75 
1$;100 12,!!® 3 68 
152.600 12,160 3 68 

102.000 3,940 2 74 

77.600 3AOO 2 64 

63:.® 5.020 i .76 
36,000 3.570 l 81 

23.100 500 l 27 
16.300 560 Q 68 

3;4()(} ~ Q 23 

employment, <:tnd wages. ore a lower bound for potenlial 

Source: U.S. Bureau of labor Stoiislics. Quorterty Census of Earnings and Woges fQCEW} program. 

patls-lliDre than 23 percent ofthe 
total U.S. value of goods passed 
through them in 2009, making it 
the largest U.S. port district? 

ConekJsion. 

With this report, we do not claim 
to make a speci:fi~; earthquake 
predi(ltioo of expected losses. 
However, we are able to estimate 
the eXpOSUre to the labor market 

in the event of a "highly probable" 
earthquake scenario in. which 
the southern segment of the San 
Andreas Fault ruptllres,. generating 
a mllgl!itude 7.8 earthquake. 8 

By using geocoded employment 
data and .shape files generated 
by earl.hqilake shake modeling, 
this R!lialysis concludes that a 
magnitude 7.8 earthquake on the 
southern San Andreas Fault could 
have wide-ranging effects on 

businesses, jobs, aud payrolls in the 
southern California area. 

The earthquake scenario osed to 
estimate the exposures modeled 
here may never happen. Major and 
devastating earthquakes em the San 
Andreas Fault are widely believed 
to be Inevitable and. by geologic 
standards, extremely common, but 
they may not occur as projected in 
the ShakeOut Scenario. Evidence 
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suggests that the next damaging 
earthquake could easily be on one 
of the many other faults that riddle 
the Los Angeles basin, permanently 
changing the lives and livelihoods 
of residents and local businesses. 
The results of this regional report 
should serve as a reminder to 
public officials, employers, and 
residents of the vital importance 
of taking preventive actions to 
mitigate the potential losses from 
an earthquake, and to prepare 

Notes 

for the potential disruption to 
businesses and employees. 

Data presented here are for all 
workers covered by state and 
federal unemployment insurance 
programs. For additional 
information, contact Richard 
Holden, Regional Commissioner, 
U.S. Bureau of Labor Statistics. 
Email: ho!den.richard@bls. 
gov. Telephone: 415-625-2245. 

Coauthors of this report were Amar 
Mann, Supervisory Economist, 
U.S. Bureau of Labor Statistics, 
and Tian Luo, Economist, U.S. 
Bureau ofLabor Statistics. 
Information in this report will 
be made available to sensory­
impaired individuals upon request. 
Voice phone: (202) 691-5200; 
Federal Relay Service: 1-800-
877-8339. This summary report is 
in the public domain and may be 
reproduced without permission. g 

1 An earlier Regional Report presented data on the labor market risks of a hypothetical earthquake along the Hayward Fault in Alameda County California. See •''Labor 
market risks of a magnitude 6.9 earthquake in Alameda County," http://www.bls.gov/opob/rtgional_reporW200709 _alameda. pdf. 
2 Exposure refers to potentiallabor~market losses and risks. Exposure is how much of the area's employment and earnings base is in the severe shaking zone. 
3 United States Geological Survey, "Magnitude/Intensity Comparison,,., http://earthquake.usgs.gov/learn/topics/mag_vs_intphp. 
4 Lucile M. Jones, et aL, ''The ShakeOut Scenario," USGS Open File Report 2008-115 (U.S. Department of the Interior, U.S. Geological Survey, 2008). pg. 10, bttp:/ 
pubs.usgs.gov/ofl2008/11501of2008-l!SO.pdf. 
$ Although USGS did estimate economic losses (along with casualties and injuries), they did not estimate the labor market risks in terms of jobs and wages as this 
study has done. 
6 According to a recent report, state and hospital officials have found significant structural weaknesses in more than 20· hospital buildings throoghout California. More 
than a dozen of the seismic targets are located in southern California. See Erin Richard,. "California Hospitals Deemed Seismically Unstable," NBC Los Angeles, Nov. 
5, 2010, bttp:/lwww.nbdosaugeles.ccm/newslloul-beatfCalifornia~HopsitaJs..Deemed~Seismically*Uustabte-106795938.html?wwparam=1290126SS4. 
7 Ronald D. White, "'Ports ofL.A and Long Beach post 18% growth in container traffic," LJsAngeles Times. November 16, 2010, http:l/articles.Iatimes.eom/2010/ 
nov/16/business/hrfi-ports*20101110. 

See also "U.S. Waterborne Foreign Trade by U.S. Customs Districts," (U.S, Department ofTransportation, Maritime Administration, August 20, 2010), 
http://www.marad.dot.gov!library _landiog_page/data _and _statistics/Data_and _Statistics.btm. 
8 Suzanne Perry, et aL, 41te ShakeOut Earthquake Scenario-A Story That Southern Californians Are Writing," Circular 1324, (U.S. Department of the Interior, U.S. 
Geological Survey, 2008), p. 2. http://pubs.usgs.gov/circ/1324/d324.pdf. 
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