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Project Summary 

The purpose of the current research effort is to evaluate the variation in annualized and probabilistic 
loss related to selection of ground motion attenuation relationship, and to time dependence.  Using 
Hazus, annualized and return period loss estimates for all 58 counties within California have been 
generated from OpenSHA return period ground motion data for each of the four “Next Generation of 
Attenuation” (NGA) relationships.  A total of 8 statewide loss analyses were conducted using Hazus®MH 
MR-4, evaluating each NGA relationship, for both time dependent and time independent hazard.  These 
results may be compared to previous Hazus analyses executed using the weighted average of the 4 NGA 
relationships.  The NGA relationship resulting in the smallest total statewide annualized building damage 
is the Campbell & Bozorgnia (C&B) relationship; losses were 15% less than those produced using the 
average of the 4 NGAs.  The largest losses resulted when the Abrahamson & Silva (A&S) NGA 
relationship was used; annualized building damage for California was 11% larger than that produced by 
the 4 NGA average.   Differences between time independent and time dependent losses are small.  
Statewide, time independent losses are slightly larger, with the difference ranging from 0.4% for A&S to 
1.1% for C&B, and a net difference of 0.8% for the 4 NGA average.  While statewide variation in loss 
between the different NGA relationships and their average may be modest, the geographic variation can 
be more significant, with differences as large as 59% for Amador County for A&S, and -25% for Sutter 
County for C&B, suggesting that the selection of the ground motion prediction equation can have a 
significant impact on loss estimates. 
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Technical Report 

The purpose of the current research effort is to further enhance the “library” of probabilistic loss 
estimates that has been developed for California to evaluate variation in loss specifically related to 
selection of ground motion attenuation relationship.  This research builds on previous results generated 
under 2010 and 2011 SCEC funding.  The current set of analyses allows for the comparison of annualized 
and return period losses generated using each of the four Next Generation of Attenuation (NGA) 
relationships, relative to the results from their weighted average, for both time dependent and time 
independent hazard data.  Using Hazus, annualized and return period loss estimates have been 
generated for all 58 counties within California to assess differences related to the attenuation 
relationships, as well as to time dependence.  This work would not have been possible without the 
generous cooperation of Kevin Milner of SCEC and Ned Field of the USGS.   

Hazus® Analyses 

For earthquake risk assessment, Hazus provides the capability to estimate both deterministic (scenario) 
losses and probabilistic losses.  Hazus stores probabilistic seismic hazard data as a set of eight return 
period ground motions (100, 250, 500, 750, 1000, 1500, 2000 and 2500 years), allowing for the 
computation of approximate annualized loss, as well as losses at the individual return periods.  In the 
current study, 8 statewide annualized loss analyses have been conducted using Hazus®MH MR-4, 
evaluating variation in loss specifically related to selection of ground motion attenuation relationship.  
These analyses complement the 21 previous Hazus analyses conducted under 2010 funding1 (5 analyses) 
and 2011 funding2 (16 analyses), evaluating: 

• 2002 vs. 2008 National Seismic Hazard Map (NSHM) data, as provided with Hazus  
• 2008 NSHM data provided with Hazus, relative to data generated using the Uniform California 

Earthquake Rupture Forecast Version 2 (UCERF2) within OpenSHA (Field et al., 2003) 
• ground motion amplification methods 
• 3 NGA weighted average (for the 3 NGAs used in the 2008 NSHM) vs. 4 NGA weighted average 
• time dependency  
• grid cell size 

Results 

Table 1 provides a summary of results from the 8 analyses conducted; statewide annualized losses were 
assessed for each of the 4 NGA relationships individually, considering both time dependence and time 
                                                            
1 2010 SCEC Project #10056 (“Hazus® Probabilistic Loss Estimates for California: Comparison of 2002 and 2008 National Seismic 
Hazard Map Data & UCERF2 Data”) 
2 2011 SCEC Project #11110 (“Hazus® Probabilistic Loss Estimates for California: Development of a Library of County-level Risk 
Estimates”) 
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independence.  The analyses were executed using 0.1 degree grid cells, and considered local soil 
conditions (soil data developed by Wills & Clahan, 2006, were incorporated into the OpenSHA 
calculations).  These results may be compared to 2011 Hazus analysis results executed using a weighted 
average of the 4 NGA relationships, also included in Table 1 for reference.  As shown, the NGA ground 
motion prediction equation (GMPE) resulting in the smallest total statewide annualized building damage 
is the Campbell & Bozorgnia (C&B) NGA relationship; losses were 15% less than those produced using 
the average of the 4 NGAs.  The largest losses resulted when the Abrahamson & Silva (A&S) NGA 
relationship was used; annualized building damage for California was 11% larger than that produced by 
the 4 NGA average.   

Differences between time independent and time dependent losses are small.  Statewide, time 
independent losses are slightly larger, with the difference ranging from 0.4% for A&S to 1.1% for C&B.  
When the weighted average of the 4 NGA relationships is used, the net difference statewide between 
time independent and time dependent loss (both building damage alone and total direct economic loss) 
is just 0.8%. 

Also provided in Table 1 are statewide losses estimated in 2011 using the weighted average of the 3 
NGA relationships used in the 2008 NSHMs (Boore & Atkinson, 2008; Campbell & Bozorgnia, 2008; and 
Chiou & Youngs, 2008).  As shown, the addition of the fourth NGA relationship results in a 4% increase in 
direct economic losses statewide.  

Return period losses contributing to annualized building damage for time independent hazard data are 
shown in Figure 1, as estimated using each GMPE and their weighted average.  Similar to the annualized 
damage and loss results, building damage estimated using the A&S GMPE is consistently highest for all 
return periods, and those developed using the C&B GMPE are consistently the lowest.  For A&S, 
variation from the average loss diminishes slightly with return period as shown in Table 2; the A&S 100-
year return period statewide building damage is 14% higher than the weighted average, diminishing to 
7% for the 2500-year return period.  Conversely, variation from the average building damage increases 
with return period for losses estimated using the C&B GMPE; at the 100-year return period, C&B 
building damage is 13% less than the weighted average, increasing to 16% less at the 2500-year return 
period.   

County level annualized loss variation for building damage estimated using each individual NGA 
relationship, relative to losses estimated using the weighted average of the 4 NGAs, is depicted 
geographically in Figure 2.  In the top left hand corner, loss variation for building damage estimated 
using the Abrahamson & Silva GMPE is displayed.  In all 58 counties, the A&S building damage is larger 
than the 4-NGA average building damage.  The differences are smaller in areas of high hazard (e.g., San 
Bernardino and Riverside Counties in southern California, and the Bay Area), and larger in areas of lower 
hazard (e.g., California’s central valley).  In the top right hand corner, the loss variation for the Boore & 
Atkinson GMPE is displayed.  For this GMPE, the majority of California counties have building damage 
within 15% of the weighted average; as shown in Table 2, the net statewide difference in annualized 
building damage for this GMPE is -1.4%.  Results for the Campbell & Bozorgnia GMPE are given in the 
lower left hand corner.  Here, all but one county (Siskiyou) have annualized building damage less than 
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the weighted average results.  And contrary to the Abrahamson & Silva results, the loss variation is, in 
general, larger (in this case, more negative) in areas of high hazard than in areas of low hazard.  Finally, 
loss variation for building damage estimated with the Chiou & Youngs NGA relationship is shown in the 
lower right hand corner.  A wide range of loss variation can be seen, ranging from +18% in San Benito 
County, to -39% in Amador County, with larger (positive) loss variation seen in high hazard areas.   

Future Directions 

Proposed future efforts would extend the Hazus California annualized loss assessments to selected 
variants of the Uniform California Earthquake Rupture Forecast Version 3 (UCERF3).  The analyses being 
proposed for 2013 funding will allow for the assessment of the impact of various UCERF3 model variants 
on statewide annualized loss.  Variants would be identified in conjunction with WGCEP personnel, and 
could include probabilistic ground motions associated with the “mean UCERF3” or “reference branch” 
configurations, or, for example, could assess variation associated with the four UCERF3 deformation 
models.  Alternatively, a weighted combination of UCERF2 and UCERF3 models, as suggested for use in 
the 2014 NSHMP update, could be considered.   

Table 1: Summary of Hazus Annualized Loss Results for California for various NGA Relationships 

Run ID Hazard Data Source 
Time 

Dependence 

Annualized 
Building 
Damage 
($1,000)  

Annualized 
Total Direct 

Economic Loss 
[DEL]3  ($1,000) 

increase/ 
decrease in 

DEL relative to 
4 NGA average 

2012-1 
OpenSHA UCERF2, Abrahamson & 
Silva 2008 GMPE 

Time 
Dependent 1,931,822 2,978,049 11% 

2012-2 
OpenSHA UCERF2, Boore & Atkinson 
2008 GMPE 

Time 
Dependent 1,717,689 2,659,073  -1% 

2012-3 
OpenSHA UCERF2, Campbell & 
Bozorgnia 2008 GMPE 

Time 
Dependent 1,472,176 2,288,747  -15% 

2012-4 
OpenSHA UCERF2, Chiou & Youngs 
2008 GMPE 

Time 
Dependent 1,817,398 2,798,180  4% 

2011-11 
OpenSHA UCERF2, average of 4 
NGAs 

Time 
Dependent 1,742,194 2,692,493  

2011-17 
OpenSHA UCERF2, average of the 3 
NGAs used for NSHMP  

Time 
Dependent 1,673,666 2,589,110 -4% 

2012-5 
OpenSHA UCERF2, Abrahamson & 
Silva 2008 GMPE 

Time 
Independent 1,940,097 2,990,041  10% 

2012-6 
OpenSHA UCERF2, Boore & Atkinson 
2008 GMPE 

Time 
Independent 1,730,591 2,678,332  -1% 

2012-7 
OpenSHA UCERF2, Campbell & 
Bozorgnia 2008 GMPE 

Time 
Independent 1,488,057 2,313,320  -15% 

2012-8 
OpenSHA UCERF2, Chiou & Youngs 
2008 GMPE 

Time 
Independent 1,832,640 2,821,799  4% 

2011-10 
OpenSHA UCERF2, average of 4 
NGAs  

Time 
Independent 1,755,912 2,713,221  

2011-9 
OpenSHA UCERF2, average of the 3 
NGAs used for NSHMP 

Time 
Independent 1,688,918 2,612,464 -4% 

                                                            
3 Within Hazus, Total “Direct Economic Loss” is the sum of building damage, contents damage, inventory losses, and building 
damage-related income losses, such as lost rent, relocation costs and lost wages. 
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Table 2: Return Period Loss Variation from the 4 NGA Weighted Average  
(Time Independent Hazard, Statewide Building Damage) 

NGA 
Relationship 100 250 500 750 1000 1500 2000 2500 Annualized 
A&S  14.0% 11.7% 12.0% 11.0% 10.3% 8.7% 7.7% 6.9% 10.5%
B&A 0.7% -0.9% -2.1% -2.5% -2.6% -1.8% -1.5% -1.6% -1.4%
C&B  -13.3% -14.6% -15.6% -15.7% -15.8% -15.9% -15.9% -16.1% -15.3%
C&Y  -1.0% 3.6% 5.2% 5.6% 6.0% 5.8% 5.8% 5.3% 4.4%

 

 

 

 
Figure 1: Time Independent Hazus-Estimated Building Damage for California, by Return Period 
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Difference in Annualized Building Damage Relative 
to 4 NGA Average - Abrahamson & Silva (2008) 

Difference in Annualized Building Damage Relative 
to 4 NGA Average – Boore & Atkinson (2008) 

Difference in Annualized Building Damage Relative 
to 4 NGA Average - Campbell & Bozorgnia (2008) 

Difference in Annualized Building Damage Relative 
to 4 NGA Average - Chiou & Youngs (2008) 

Figure 2: County Level Loss Variation Relative to the 4 NGA Weighted Average  
(Time Independent Hazard, Building Damage) 
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