
As a result of a high-density of strong motion 
instruments in the Canterbury region, a 
significant number of high amplitude near-source 
ground motion have been recorded during the 
2010-2011 Canterbury earthquake sequence.  Of 
particular note are the large number of strong 
motions which have been recorded at the same 
location over these multiple events.  Such a 
relatively unique ground motion dataset allows 
for the opportunity to directly examine 
systematic and repeatable ground motion 
phenomena. 

10 events were considered from 04/09/2010-
23/12/2011, ranging from 𝑀𝑤4.8 − 7.1.  Particular 
emphasis was given to considering only strong 
motion data, and the average PGA of the 
collected data was 0.183g.   

The analysis was based on comparing the 
observed response spectra with that predicted 
by the NZ-specific empirical model of Bradley 
(2010).  The obtained between- and within-
event residuals were then analysed on the basis 
that, for an unbiased model, they should have 
zero mean, and hence systematic departures 
from zero can be interrogated. 
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This poster presents an examination of ground motion observations from 20 near-source strong motion stations during the most 
significant 10 events in the 2010-2011 Canterbury earthquake sequence (Figure 1) to examine region-specific systematic effects 
based on relaxing the conventional ergodic assumption in empirical ground motion prediction. 

1. Background and Objective  

2. Systematic effects in the within- and between-event residuals 

Figure 3: Response spectra observed in the Christchurch CBD during: (a) the 22/02/2011; and 
(b) 4/09/2010 earthquake with those in Tokyo in the Tohoku earthquake. 

3. Non-ergodic standard deviation and non-ergodic predictions 

Figure 4 illustrates the reduction in the total model 
standard deviation, represented as a ratio of the ergodic vs. 
non-ergodic standard deviations: Figure 1: Location of the finite fault planes of the 10 

considered earthquake events, and the location of the 20 
strong motions at which systematic site effects are 
examined. 

Figure 2a and 2b illustrate the between-event residuals, 𝛿𝐵𝑒 , and within-event residuals, 𝛿𝑊𝑒𝑠 , observed at station CBGS, 
respectively, for the 10 considered earthquake events. 

Figure 5: Ergodic and non-ergodic forms of the Bradley (2010) GMPE compared to observations: 
(a) CCCC (Christchurch Cathedral College); (b) REHS (Resthaven). Both horizontal components 
and the geometric mean of the observed response spectra are illustrated. 

Figure 5 illustrates examples of the difference between 
ergodic and non-ergodic predictions in comparison to 
observations.  It can be seen that: 

On average, the non-ergodic prediction provides a 
closer comparison to the observations than the 
ergodic prediction, as expected. 

However, the non-ergodic prediction does not always 
provide an improved prediction on a case-by-case 
basis, e.g. Figure 5a for T=0.3-1.5s 

Figure 2: Systematic effects in: (a) Between-event residuals; and (b) within-event residuals for 
CBGS (Canterbury Botanical Gardens) 

Figure 4: Comparison of the reduction in the total 
standard deviation from non-ergodic consideration 
in this study compared with previous studies. 

The non-ergodic standard deviation, on average,  is 
60-80% of the ergodic standard deviation, consistent 
with previous studies. 

However, it is clear that on a site-by-site basis the 
non-ergodic standard deviation has significant 
variation within ±20% of this average. 

It can be seen in Figure 2a that the between-event residuals systematically deviate from zero for moderate-to-long 
vibration periods.  For various reasons, this is inferred as the result of the nonlinear local site response, and stronger than 
predicted surface waves from the deep Canterbury basin 

In order to make use of the average values of the within-event residuals, 𝛿𝑆2𝑆𝑠, over a spatial region, Canterbury was divided 
into sub-regions.  Figure 3a illustrates the site-specific residuals for the four stations in the Central Business District (CBD), as 
well as the mean value for this subregion.  This process was repeated for a total of 5 sub-regions which comprised 15 of the 20 
stations considered.  The remaining 5 stations exhibited effects which were not generic to any of the considered subregions. 

Figure 3b illustrates the variation, by sub-region, of the systematic site effects.  The large variation in these values 
illustrates that a significant portion (~40%) of uncertainty in empirical ground motion prediction comes from site response. 


