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Introduction 

This project is part of the Ground Motion Simulation Validation (GMSV) project 

within the Earthquake Engineering Implementation Interface.  The goal is to evaluate 

simulated ground motions developed by the SCEC Broadband Platform (BBP) within 

the context of sliding displacements computed for seismic slope stability evaluations.  

The simulated ground motions are compared with their corresponding recorded 

ground motions in terms of the ground motion parameters affecting displacements, as 

well as the computed displacements themselves. Displacement comparisons are made 

for three different values of yield acceleration (ky).  A mixed effects regression is 

performed to quantify the bias and variability of displacements computed for each 

ground motion simulation model.  
 
Record Selection from GMSV 

The Broadband Platform (BBP) Ground Motion Simulation Verification (GMSV) 

project (http://collaborate.scec.org/gmsv/Main_Page) is evaluating ground motion 

simulation techniques by simulating motions at strong motion stations that recorded 

previous earthquakes and quantitatively comparing the simulations to the actual 

recordings. Recordings from seven earthquakes are currently available: Loma Prieta, 

Northridge, Whittier Narrows, North Palm Springs, Landers, Tottori, and Niigata. For 

each of the seven earthquake events, ground motions were simulated for approximately 

40 strong motion stations. 

The ground motions considered in the Broadband Platform GMSV project were 

simulated for sites with a VS30 of 863 m/s (i.e. soft rock). However, the VS30 of the 

recording sites varies from station to station and many do not correspond with soft rock 

http://collaborate.scec.org/gmsv/Main_Page
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conditions. To avoid the need to model site effects in the simulations to compare them 

with the recordings, only stations with VS30 close to the simulated value of 863 m/s are 

considered.  

Ground motions were selected for evaluation based on the VS30 of the station at 

which they were recorded. The NGA ground motion prediction equations (GMPE) were 

used to estimate the effect of Vs30 on the spectral acceleration at different periods. The 

predicted spectral acceleration (Sa) given a value of VS30 was normalized by the Sa 

predicted for VS30 = 863 m/s and plotted versus VS30. The spectral acceleration at three 

periods was considered: PGA (0.0 s), 0.3 s, and 1.0 s. Three source-to-site rupture 

distances were considered as well: 100 km, 30 km, and 10 km. Equal weight was 

assigned to each of the four NGA GMPEs in the prediction of the Sa values. The ratios 

were calculated for a strike-slip fault mechanism and an earthquake magnitude (MW) of 

6.5. The results are presented in Figure 1.  

A difference in 10% relative to the Sa for VS30 equal to 863 m/s was deemed 

acceptable for this study. For the three periods and three rupture distances considered, 

shear wave velocities between 780 m/s and 1020 m/s yield less than a 10% difference in 

Sa, as shown in Figure 1. Of the three periods considered VS30 was most restricted by the 

ratio of Sa at 1.0 s and least restricted by PGA. Thus the range of VS30 that yields less 

than a 10% difference in the Sa at 1.0 s was used to set the bounds on the VS30 of stations 

considered in this study. Figure 1 also shows that the ratio of Sa is not very sensitive to 

rupture distance; regardless of the rupture distance, nearly the same VS30 bounds were 

established for Sa at 1.0 s. 
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Figure 1 Ratio of spectral acceleration (Sa) at a given VS30 to Sa with VS30 = 863 m/s for (a) 
Rrup = 100 km; (b) Rrup = 30 km; and (c) Rrup = 10 km. 10%, 15%, and 20% error bounds are 
shown.  

The VS30 distribution of the 270 stations considered in the BBP GMSV project is 

shown in Figure 2. Only nine stations have a VS30 between 780 m/s and 1020 m/s. Three 

acceleration-time history records are available for each station: a North-South 

component, an East-West component, and an Up-Down component. Since rigid sliding 

block displacements are computed for horizontal components of ground motion, this 

study compares the rigid sliding block displacements computed for 18 recordings with 
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that of their respective simulations. Note that 50 simulations were performed for each 

recording. The records considered in this analysis are listed in Table 1.  

 

 

Figure 2 VS30 distribution of the strong motion stations considered in the BBP GMSV 
project. Shaded region indicates acceptable VS30 range. 
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Table 1 Parameters of the record ground motions considered for this study. 

 
 
 

Simulated ground motions were generated as part of the Broadband Platform 

(BBP) Ground Motion Simulation Verification (GMSV) project for each of the records 

listed in Table 1.  The four models that are considered in this study are CSM, EXSIM, 

GP, and SDSU.  CSM is the Composite Source Model (Zeng et al. 2004).  The CSM is a 

deterministic model that generates acceleration-time histories by convolution with 

synthetic Green’s functions. EXSIM is a stochastic finite-fault simulation model 

developed by Motazedian and Atkinson (2005).  The models GP and SDSU are finite-

fault, hybrid deterministic models. The GP model was developed by Graves and Pitarka 

(2010) and the San Diego State University (SDSU) model was developed by Mai et al. 

(2010). 

The simulated motions selected for consideration in this study are first evaluated 

in terms of the ground motion parameters that are relevant to seismic slope stability 
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analyses. Then, the rigid sliding block displacements computed for the simulated 

ground motions are compared with those computed for the corresponding acceleration-

time history records.  

 

Ground Motion Parameter Residuals 

Three of the ground motion parameters that are important for characterizing 

ground motion for seismic slope stability analyses are peak ground acceleration (PGA), 

peak ground velocity(PGV), Arias Intensity (Ia), and the mean period (Tm). Tm is a 

parameter that describes the frequency content of a ground motion (Rathje et al. 1998, 

2004).  

To compare the ground motion parameters of the simulations with that of the 

recorded ground motions, the residual between the ground motion parameter (GMP) of 

the recorded ground motion and that of the simulated ground motion is computed in 

natural logarithmic space as: 

𝐺𝑀𝑃𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 = 𝑙𝑛(𝐺𝑀𝑃𝑟𝑒𝑐𝑜𝑟𝑑) − 𝑙𝑛(𝐺𝑀𝑃𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛) (1) 

The smaller the absolute value of 𝐺𝑀𝑃𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 the better the simulation approximates the 

recorded motion. A positive value of 𝐺𝑀𝑃𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 indicates that the simulation 

underestimates the GMP of the record, while a negative value of 𝐺𝑀𝑃𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 indicates 

that the simulation overestimates the GMP of the record.  

Fifty ground motion simulations were generated for each acceleration-time 

history record. The GMP residuals computed for the four simulation models are shown 

versus the respective GMP of the recorded ground motion in Figure 3 through Figure 6. 

Each point indicates the residual of one ground motion simulation. The data presented 

in these figures are vertically aligned because the GMP residuals computed for the 50 

simulations are all plotted at the same position on the x-axis (i.e. the GMP of the 

recorded ground motion). 
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The GMP residuals computed for the motions simulated via the CSM model are 

shown in Figure 3. Inspection of Figure 3a reveals that there is a lot of variability in the 

PGA values of the simulated motions for each record simulated. However, the PGA 

residuals tend to be distributed about zero, meaning that the average PGA of the 

simulations is close to the PGA of the recorded ground motion. The same observation 

can be made for Ia in Figure 3c. Figure 3b shows that when the PGV of the recorded 

acceleration-time history is small (i.e. less than 5 cm/s) the PGV residuals tend to be 

negative. This means that the simulations tend to overestimate PGV when the recorded 

PGV is less than 5 cm/s. For PGV values greater than 5 cm/s the average PGV of the 

simulations is similar to the recorded PGV. A similar trend also exists between the Tm 

residuals and the Tm of the recorded ground motion (Figure 3d). When the Tm of the 

recorded ground motion is small the simulation tends to overestimate Tm. However, in 

this case when the Tm of the recorded ground motion is large the simulation tends to 

underestimate Tm.  
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Figure 3 GMP residuals computed for the CSM simulation model. 

The GMP residuals computed for the motions simulated via the EXSIM model 

are shown in Figure 4. One thing to note about the EXSIM model is that it only 

generates one horizontal ground motion. The North-South and East-West, components 

of ground motion are the same because the model essentially predicts the maximum 

component of ground motion. For the other simulation models, the North-South 

component of the simulated ground motion is compared to the North-South component 

of the recorded ground motion, and the same for the East-West component of motion. 

For EXSIM, we compare the sole EXSIM ground motion to both the north-south and 

east-west components of the recorded ground motion. 
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The range of GMP residuals for a given record is seen to be considerably smaller 

for the EXSIM model than that observed for the CSM model. Figure 4a and Figure 4c 

show that the EXSIM model simulates well the PGA and Ia of the recordings. However, 

the same cannot be said for PGV and Tm; distinct positive trends are observed in Figure 

4b and Figure 4d. When the PGV of the recorded ground motion is small the EXSIM 

simulations tend to overestimate PGV. When the PGV of the recorded motion is large, 

however, the simulations tend to underestimate PGV. The same trend is observed for 

Tm in Figure 4d.  

 

 

Figure 4 GMP residuals computed for the EXSIM simulation model. 
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The GMP residuals computed for the motions generated via the GP simulation 

model are shown in Figure 5. The variability of the GMP residuals of the GP 

simulations is smaller than that observed for the CSM simulations, but larger than 

observed for the EXSIM model. The GP model produces simulations with PGA and Ia 

that match those of the recordings quite well, as shown in Figure 5a and Figure 5c, 

respectively. For PGV a slight positive trend can be observed (Figure 5b); when the PGV 

of the recorded motion is small the simulation tends to overestimate PGV and when the 

PGV of the recorded motion is large the simulation tends to underestimate PGV. Figure 

5d shows that when the recorded ground motion has a small value of Tm the GP model 

tends to produce simulations with a Tm that is too large. The fit is better at larger values 

of Tm. 

 

Figure 5 GMP residuals computed for the GP simulation model. 
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The GMP residuals computed for the motions simulated via the SDSU model are 

shown in Figure 6. The range of the GMP residuals computed for the SDSU appears to 

be less than for the CSM model, but greater than the range for the EXSIM and GP 

models. The GMP residuals computed for the SDSU model differ from the residuals 

computed for other simulation models. For the previous three simulation models, the 

range of GMP residuals was relatively consistent from one recording to another. The 

range of GMP residuals computed for the SDSU model, however, varies considerably 

from one record to another. It can be seen in Figure 6a that the PGA residuals computed 

for some recordings vary over a range that is about 10 times as large as that computed 

for other recordings (e.g., compare the motions at recorded PGA = 0.05 g and 0.15 g). 

This can also be seen for Ia in Figure 6c. On average, the PGA and Ia of the SDSU 

simulations match that of the recorded ground motion. A slight positive trend is 

observed in Figure 6b; i.e., when the PGV of the recorded ground motion is small, the 

PGV of the simulated motion tends to be large, and when the PGV of the recorded 

ground motions is larger, the PGV of the simulated motion tends to be smaller. Figure 

6d shows that the SDSU model tends to simulate motion with a Tm that is too large 

when the Tm of the ground motion is small. However, when the Tm of the recorded 

motion is larger the residuals tend to be distributed about zero. 
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Figure 6 GMP residuals computed for the SDSU simulation model. 

Of the four simulation models considered, the range of GMP residuals is seen to 

be largest for the simulations generated by the CSM model and smallest for the 

simulations generated by the EXSIM model. The variability of the GMP of the simulated 

ground motions is not our only concern; we are also interested in the average GMP 

residuals for each simulation model. The average GMP residuals of the four simulation 

models are computed across the motion-specific residuals. Only a subset of the motions 

are considered in computing the average GMP residuals because the smallest value of 

yield acceleration considered in this study is 0.05 g. Records with a PGA less than 0.05 g 

will have zero displacement and therefore are not relevant for the calculation of the 

displacement residuals. In an attempt to ensure that the ground motion parameter 
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residuals will be informative for interpreting the displacement results, ground motions 

with a PGA less than 0.05 g are ignored in the calculation of average GMP residuals. 

This reduces the number of acceleration-time history records to 14 and the average 

residuals for PGA, PGV, Ia, and Tm for these 14 motions and the 4 simulation models 

are listed in Table 2.  

Table 2 Average GMP residuals of the four simulation models. 

 

 

On average, the CSM model produces simulations with PGA and PGV that 

exceed that of the recorded ground motion (i.e., negative residuals), while the Ia of the 

CSM simulations tends to underestimate the Ia of the recorded ground motions (i.e., 

positive residuals). The average Tm residual is close to zero. The over-prediction for 

PGA and PGV are about 15%-20%, while the under-prediction for Ia is about the same. 

On average, the EXSIM and GP models underestimate most of the GMP of the recorded 

ground motions. For EXSIM, the under-prediction of PGA, PGV, and Tm ranges from 

15%-30%, while the average residual for Ia is close to zero. For GP, under-prediction 

occurs for PGA, PGV, and Ia (between 20 to 50% smaller) and the average residual for 

Tm is close to zero. Finally, the SDSU model tends to produce simulations with PGA, 

PGV, and Ia that are smaller than the values of the recorded ground motion (15%-40% 

under-prediction), while the residuals are about zero for Tm. Note that these average 

residuals do not account for the systematic variation in residuals with GMP, as shown 

in Figure 3 through Figure 6. 

Simulation PGA PGV Ia Tm

CSM -0.17 -0.16 0.18 -0.03
EXSIM 0.17 0.35 0.04 0.28
GP 0.29 0.19 0.57 0.01
SDSU 0.13 0.17 0.46 -0.02
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Inspection of Figure 3 through Figure 6 reveals that the simulation model that 

generates ground motions with the least variability in GMP is the EXSIM model. 

However, the average Tm residual computed for the EXSIM model is considerably 

larger than the average Tm residuals computed for the other models. So while the 

EXSIM model may produce 50 simulations that all have a similar value of Tm, the 

simulations are likely to have a Tm that is considerably smaller than that of the recorded 

ground motion. In Table 2 we see that the Tm residuals computed for the CSM, GP, and 

SDSU models are smaller than the PGA, PGV, and Ia residuals computed for these 

models. This means that these three models can simulate Tm better than they can 

simulate PGA, PGV, and Ia.  

 

Displacement Residuals 

Displacements were computed for ky values of 0.05, 0.1, and 0.2 g.  Before 

presentation of the displacement residuals computed for the four simulation models 

some details concerning the treatment of displacement data must be clarified. When the 

displacement computed for a simulated ground motion is zero (i.e. PGA < ky) and the 

displacement computed for the recorded ground motion is nonzero the residual is equal 

to infinity. For this reason, displacement residuals are computed only for simulations 

with nonzero displacement. Nonetheless, when the PGA of the simulation is very close 

to ky the computed displacement can become very small and very large residuals can 

occur. 

Despite omission of the acceleration-time history records with a PGA less than 

0.05 g, the GMP residuals presented earlier are not fully informative for interpreting 

displacement residuals. For each simulation model, all 50 simulations developed for 

each of the 14 recordings with PGA greater than 0.05 g were considered in calculation of 

the average GMP residuals. However, simulations for which the computed 

displacements are zero were removed from the analysis of displacement residuals. This 
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issue may cause the trends for the displacement residuals to be different than for the 

GMP residuals.  

For each acceleration-time history two values of sliding block displacement can 

be computed. The normal displacement is found by integration of the portion of the 

acceleration-time history that exceeds the critical acceleration value. The inverse 

displacement is found by multiplying the acceleration-time history by -1 and then 

integrating the portion that exceeds the critical acceleration value. In this study we 

compared the maximum of the normal and inverse displacement computed for the 

recorded ground motion with the maximum of the normal and inverse displacement 

computed for the simulated ground motion.  

A two-part approach is used to evaluate the displacements computed for 

simulated ground motions. First, simulated acceleration-time histories with zero 

displacement are considered. Next, simulated time histories with nonzero displacement 

are evaluated through computation of displacement residuals and a mixed effects 

regression analysis.  

To evaluate the simulation models in terms of their ability to simulate motion 

with zero displacement, the percentage of simulations with zero displacement are 

plotted versus the ratio of ky to PGA in Figure 7. In computing ky/PGA, the PGA of the 

recorded motion is used. Each point in Figure 7 represents the percentage of 

simulations with zero displacement for a given recorded motion and ky value. The 54 

values in each plot represent the 18 records and 3 ky values. Ideally, 0% of the 

simulations should have zero displacement when ky/PGA is less than 1.0 (i.e., the 

displacement of the recorded motion is nonzero) and 100% of the simulations should 

have zero displacement when ky/PGA is greater than 1.0 (i.e., the displacement of the 

recorded motion is zero). Inspection of Figure 7a reveals that the CSM model performs 

poorly when evaluated relative to his criterion: as few as 60% of the simulations have 

zero displacement even when ky/PGA of the recorded motion is greater than 5. This 
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result agrees with the fact that the CSM model tends to over-predict the PGA of the 

recorded motions (Table 2). In Figure 7b and Figure 7c we see that for the EXSIM and 

GP models there is more of a rapid increase in the percentage of simulations with D = 0 

at ky/PGA equal to 1.0. Thus, the EXSIM and GP models are better able to simulate 

whether a motion will have zero displacement, which agrees with the PGA residuals in 

Table 2 that show that these models most accurately capture the PGA of the recordings. 

Finally, Figure 7d shows that the SDSU model has a more gradual transition between 

0% and 100% at ky/PGA equal to 1.0, which again agrees with the fact that the SDSU 

model has a larger PGA residual. 

Next, we consider simulations of recorded ground motions for which nonzero 

displacements were computed. The difference between the displacement computed for 

a simulated ground motion and the displacement computed for the recorded motion is 

quantified with the displacement residual: 

 

𝐷𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 = 𝑙𝑛(𝐷𝑟𝑒𝑐𝑜𝑟𝑑) − 𝑙𝑛(𝐷𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛) (2) 

 

A mixed effects regression of the displacement residuals was performed to quantify the 

mean bias and variance of each simulation model.  
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Figure 7 Percentage of simulations with zero displacement versus ky normalized by the 
PGA of the record for (a) CSM; (b) EXSIM; (c) GP; (d) SDSU. 

Mixed effects regression estimates the biases and variances for different subsets 

of the data (Lindstrom and Bates 1990). Mixed effects regression has previously been 

used by Rodriquez-Marek et al. (2011) and Kaklamanos et al. (2013) in the context of 

earthquake engineering. In this study, we group the data by acceleration-time history 

record and use linear mixed effects regression to compare the simulation models in the 

context of rigid sliding block displacement. Assuming that the displacements can be 

described by a lognormal distribution, the displacement residuals (computed as the 

natural logarithm of displacements) can be described by a normal distribution with 
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mean 𝜇𝑌 and standard deviation 𝜎𝑌. The mixed effects regression model for 

displacement residual is defined as: 

𝑦𝑖,𝑗 =  𝛼 +  𝜂𝑖 +  𝜖𝑖,𝑗 (3) 

where 𝛼 is the average bias (i.e. difference) in the simulation model for all recorded 

ground motions and simulations, 𝜂𝑖 is the inter-recording residual for a particular 

recording, and 𝜖𝑖,𝑗 is the intra-recording residual of a particular simulation. The 

subscript 𝑖 denotes the recording number, which varies from 1 to 18, and the subscript 𝑗 

indicates the simulation number, which varies from 1 to 50. In this formulation 𝜂𝑖 is 

assumed to be a normally distributed random variable with a mean of 0 and standard 

deviation 𝜏. Likewise, 𝜖𝑖,𝑗 is assumed to be a normally distributed random variable with 

a mean of 0 and standard deviation 𝜎. The inter-recording residual measures the 

difference between the overall residual of the simulation model, 𝛼, and the mean 

residual calculated for a particular recording. The intra-recording residual measures the 

difference between the mean residual of a particular recording and the displacement 

residual of an individual simulation for that recording. Linear mixed effects regression 

yields estimates of 𝛼, 𝜏, and 𝜎. These parameters are used in Equation 4 and Equation 5 

to determine the overall 𝜇𝑌 and 𝜎𝑌 of the displacement residuals. The four simulation 

models can then be evaluated in terms of the 𝜇𝑌 and 𝜎𝑌 of their displacement residuals. 

 

𝜇𝑌 =  𝛼 (4) 

𝜎𝑌 =  �𝜏2 +  𝜎2 (5) 

 

Figure 8 through Figure 11 compare the displacements computed using the 

recorded and simulated motions for the four simulation models. Displacements and 

displacement residuals are shown, along with the inter-recording (𝜂𝑖) and intra-

recording (𝜖𝑖,𝑗) residuals. The displacement results for the CSM simulations are shown 
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in Figure 8. Inspection of Figure 8a and Figure 8b reveals considerable variability in the 

displacements computed for the ground motions simulated by the CSM model. In fact, 

in Figure 8a we see that the displacements computed for CSM simulations can range 

over as much as 7 orders of magnitude for simulations of the same recorded ground 

motion. This result is not very surprising, given that there was considerable variability 

in the GMP residuals of the CSM model (Figure 3). There are a large number of negative 

residuals, which indicates that the displacements from the simulated motions are larger 

than from the recordings. The average residual (𝛼) is equal to -0.64 (Figure 8b), which 

corresponds to the displacements from the simulated motions being almost twice the 

value of the displacements from the recorded motions. This result is in agreement with 

the ground motion residuals (i.e., Table 2), which showed that the CSM model over-

predicted the recorded PGA and PGV. Through mixed effects regression we were able 

to determine the inter-recording standard deviation, (𝜏 = 2.40), and the intra-recording 

standard deviation, (𝜎 = 2.57), as shown in Figure 8c and d. The computed 𝜏 and 𝜎 are 

both large, indicating there is both significant inter-recording and intra-recording 

variability.  
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Figure 8 Displacements and residual displacements computed for the CSM simulations.  

The displacement results for the ground motions simulated by the EXSIM model 

are shown in Figure 9. Similar to the CSM results, there are a significant number of 

negative residuals, indicating that the displacements from the simulated motions tend 

to be larger than from the recorded motions. The average displacement residual (α) is 

equal to -0.14, which corresponds to a 15% over-prediction of displacement, on average. 

This over-prediction in displacement is in contradiction with the ground motion 

residuals (Table 2) which were all positive (i.e., under-prediction) for EXSIM. This can 

be explained, at least partially, by the fact that the GMP residuals were computed using 

all of the simulations, while the displacement residuals were computed using only the 

simulations with nonzero displacements. Simulations with zero displacement would 
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tend to have smaller values of the GMP, which increases the average GMP residual. 

However, these simulations do not contribute to the displacement residual. There is a 

notable difference in the variability of displacements observed for the EXSIM 

simulations and the variability observed for the CSM simulations. Figure 9c shows the 

inter-recording residuals, which vary more substantially for EXSIM and displays 𝜏 = 

3.54. The intra-recording variability in displacements (Figure 4.9d) is relatively small for 

EXSIM with 𝜎 = 1.31. 

 

 

Figure 9 Displacements and residual displacements computed for the EXSIM 
simulations. 
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The displacement results for the ground motions simulated by the GP model are 

shown in Figure 10. In this case, there are a significant number of positive residuals, 

indicating that the displacements from the simulated motions are smaller than the 

displacements from the recorded motions. The average displacement residual (α) is 

equal to 0.96, which corresponds with average displacements that are only 40% of the 

displacements from the recorded motion. This under-prediction in displacement is in 

agreement with the ground motion residuals (Table 2) which were all positive (i.e., 

under-prediction) for GP. The inter-recording residuals for the GP simulations vary 

significantly with the resulting 𝜏 being very large (𝜏 = 4.14). The displacements 

computed for the GP simulations are seen to range over as much as 5 orders of 

magnitude and the resulting intra-recording standard deviation was equal to 2.26.  

The displacement results for the ground motions simulated by the SDSU model 

are shown in Figure 11. In this case, there are similar numbers of positive and negative 

residuals and the resulting average displacement residual (α) is equal to -0.06. This 

value corresponds with only a 5% difference between the displacements from simulated 

and recorded motions, on average. This good agreement between the simulated and 

recorded displacements is somewhat surprising given the positive average ground 

motion residuals for the SDSU model (Table 2). However, the SDSU model did have the 

overall ground motion residuals closest to zero. Inspection of Figure 11a reveals that, 

for some recordings, the displacements from the simulations vary as much as 4 orders 

of magnitude; in other cases the displacements vary within an order of magnitude. The 

inter-recording variability (𝜏) was determined to be 2.51 (Figure 11c), while the intra-

recording variability in the displacement residual (𝜎) was determined to be 1.51.  
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Figure 10 Displacements and residual displacements computed for the GP simulations. 
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Figure 11 Displacements and residual displacements computed for the SDSU 
simulations. 

Table 3 summarizes the mixed-effects regression results for the four models in 

terms of 𝛼, 𝜏, 𝜎, and 𝜎𝑌. In terms of overall bias (𝛼), the EXSIM and SDSU models 

provide displacements in the best agreement with displacements from recorded 

motions; the models over-predict displacement by 5%-15%. CSM significantly over-

predicts and GP significantly under-predicts the displacements. Considering variability, 

the inter-recording variability (τ) is largest for the GP model and smallest for the CSM 

and SDSU models, while the intra-recording variability (σ) is smallest for EXSIM and 

SDSU and larger for CSM and GP. As a result, the GP model displays the largest overall 
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variability in displacement, while the SDSU model displays the smallest overall 

variability in displacement.  

Table 3 Mixed effects regression parameters for displacement residuals for the four 
simulation models. 

 

 

Summary 

In this report we evaluate four ground motion simulation models in the context 

of seismic slope stability analyses. The ground motion parameters (i.e., PGA, PGV, Ia, 

and Tm) and rigid sliding block displacements of the simulated ground motions are 

compared to those computed for the recorded ground motions.  

The ground motion parameters of the simulated ground motions tend to be 

smaller than the corresponding ground motion parameters of the recorded ground 

motions. This was true for most simulation models and most ground motion 

parameters.  

The simulations were also evaluated regarding their ability to simulate ground 

motions with zero displacement when the displacement computed for the recorded 

ground motion was zero. The EXSIM and GP models were found to be most satisfactory 

in this respect. 

When evaluated in terms of rigid sliding block displacements the SDSU model 

performed the best. The average displacement residual of the SDSU model was the 

closest to zero among all of the simulation models, and the overall variability in the 

displacement residual was smallest for the SDSU simulations. The EXSIM simulations 

also performed well, with the average displacement residual close to zero.  However, 

Simulation α τ σ σY

CSM -0.64 2.40 2.57 3.52
EXSIM -0.14 3.54 1.31 3.78
GP 0.96 4.14 2.26 4.72
SDSU -0.06 2.51 1.51 2.93
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the overall variability in the displacement residual was larger for the EXSIM 

simulations compared with the SDSU simulations.  The displacements from the CSM 

and GP model simulations showed the most deviation from the recorded motions.  The 

average displacements were far from zero for these simulation models (much less than 

zero for CSM, much larger than zero for GP).  The CSM simulations displayed 

variability in the displacement residuals similar to the EXSIM simulations, and the GP 

simulations displayed the largest variability among all the simulation models.    
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